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Determine simple methods for rating noise in ship-
board spaces in relation to its interference with speech
communication.

RESULTS

1. Representative samples of ship, office, and shop
noises were recorded, measured, and analyzed.

2. Naval ship spaces tend to be noisier than civilian
spaces where equivalent communicating jobs are performed.

3. Sixteen noises were selected out and adjusted in
intensity to be equally speech-interfering. Simple phys-
ical measurement and calculations on these 16 eqcially
speech-interfering noises showed that Speech Interference

(SI) could be measured:

a. best by a -- aging the Sound Pressure Levels
(SPL) in mid-frequenc octaves (300 to 600, 600 to 1200,
1200 to 2400 cycles per second (c/s)), called the Speech

Interference Level (SIL) method;

b. next best by using weighting networks A or Din
3 in Sound Level Meters, or by finding the SIL (averaging
the SPL's) in the octaves from 300 or 600 to 4800 c/s.

c. least well by fitting spectral noise peaks to
Noise Criterion rating curve contours of which the Noise
Criterion Alternate (NCA) was better than the conventional
Noise Criterion (NC) or International Standards Organiza-
tion (ISO) contours.

4. More complex physical measurement or calculation
on the 16 equally speech-interfering noises showed that
Speech Interference could be measured well by Articula-
tion Index (AI) methods. Simpler 5- and 6-octave methods
employing a generalized speech spectrum were almost as
good as the more elaborate 20-band method using the actual
speech spectrum utilized in this experiment.

5. Speech Interference could be pedicted well by using
families of NC, NCA, or ISO curves if:
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a. only that part of any of the curves that centered

at 500, 1000, and 2000 c/s were used;

b. the curves "averaged through" spectral peaks
and valleys of the noise spectra.

6. For speech in quiet, half the intelligibijity lies in
frequencies above and below some value at or betwe.en 1600
and 1900 c/s. -As the ratio of speech to noise inter sity
deteriorates, the frequency that divides the speect spectrum
into two equal halves (as regards contribution to speech
intelligibility) drops from 1600 or 1900 c/s to abott 800 or
1000 c/s.

7. A new Speech Interference (SI) noise rati, n contour
was developed that could be used in any of the conventional
ways of measuring Speech Interference, namely:

a. to estimate the SIL;

b. as a weighting network for a Sound Level Meter;

c. as a noise-rating contour.

8. The new SI contours rated the Speech Interference
effects of the 16 noises as good or better than any previous
method, and in addition resolved many of the extreme dif-
ferences among the three speech interference rating methods.

9. The new Speech Interference Contours are not dras-
tically different from theoretical extensions of the AI cal-
culation method.

10. Thermal noises (TN) witi ;pectra shapes of -12,
-6, and +6 dB per octave (TN-12, TN-6, TN Flat, and

TN+6) are representative of the steady-state noises in the
c, rgidi. 10' noises.

11. The 16 equally speech-interfering noises were
neither equally loud nor equally annoying.

12. Maximum r.oise level for face-to-face communica-
tion is a 500/'000/2000-c/s SIL of 95 dB.

13. Maximum 500/1000/2000 SIL for speech communi-
cation when using good "noise-proofed," sound-powered-
phones is:
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a. 84 dB -f the talker is --n the quiet and the listen-
er is in noise;

b. 94 dB if both the talker and listener are in noise;

c. 114 dB if the talker is in noise, the listener in
quiet.

14. Amplified speech communication with earphones is
possible in a 500/1000/2000-.c/s SIL of 120 dB if use is made
of noise-cancelling dynamic or condenser microphones,
noise shielaing at mouth and ear, a speech bandwidth of
three octaves or greater centered between 1000 and 1800 c/s,

a low sidetone level, AVC, and peak clipping.

15. Amplified speech communication with laudspeakers
is possible in 500/1000/2000-c/s SIL noise levels of 80 dB.
If earplugs or passive earmuffs are worn, this level can be
extended to 95 dB.

RECOMMENDATIONS

1. In using SIL methods to rate noises, average the
sound pressure levels in the octaves centered at 500, 1000,
and 2000 c/s. This procedure is a compromise between
the presently used 600 to 4800-c/s range and the range
found to be best in this study, the 300 to 2400-c/s range.

2. Use the newly developed SI contours as:

a. a new weighting method for Sound Level Meters;

b. extensions of the existing noise-rating contours.

3. Use of the SI contours should be evaluated in work-
ing ships' spaces.

4. Loudness and annoyance aspects of noises should be
considered in future extensions of this work.

5. Spaces where conversatinns cannot be carried on in

comfort at 3 feet are too noisy for tasks requiring face-to-
face communications. In general this is when the average
noise level 'n the octaves, centering at 500, 1000, and
2000 c/s (the 500/1000/2000-c/s SIL.), exceeds 70 dB.

6. If the 500!1000/2000-c/s SIL exceeds 90 dB, the

wearing of 1-earing protection should be mandatory.
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PREFACE

This report consists of seven reprints of papers in
professional journals plus collateral and supplementary
material. Because of this there will be some duplication,
and the historical and/or logical order will not always be
followed strictly.

The problem in terms of a real naval environmental
control problem is stated in Section I (Introduction). The
evidence that the problem really exists is presented in Sec-
tion H (a summary of noise surveys aboard a number of
ships). Sections III, IV, and V are reprints of papers deal-
ing with two experiments on the physical and speech-inter-
fering p. aperties of diverse spectrum noises.

Section VI gives some details on psychophysical
measurement methods for noises. * Section VII, which
has been submitted for publication, and Sections VIII and
IX (reprints), propose new ways of measuring the speech-
interfering properties of noise.

Section X shows the important frequency regions in
noise-masked speech in terms of where in the speech im-
pairment-handicap-disability scale the criterion is chosen.

Section X summarizes speech capabilities in noise
and is based primarily on evaluations of the speech intel-
ligibility of numerous communication systems and compo-
nents.

* See list of references at end of report.
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INTRODUCTIrN

The Bureau of Ships has specifications2 ' 3 limiting
the levels of noise in various ship spaces and for emission
of noise by equipment. These specifications are based on
considerations of the effects of noise on communications
and on the potential deafening effects.

This report reexamines the question of speech inter-
ference effects of noise with a view toward simplifying the
noise level measurement procedures. To accomplish these
tasks: (1) noise levels in a number of shipboard spaces
were measured aboard cperating ships (and reviewed from
other shipboard measurements) (Section I); (2) represent-
ative aircraft, ship, machinery, and office noises were
collected (Section II); (3) 12 of these noises plus four lab-
oratory-generated noises were then spectrum-analyzed
(Section II); (4) intelligibility tests were conducted to find
the levels at whicF these 16 noises interfered equally with
speech (Section 11); (5) 'he 16 noises were subjected to a
number of simple analy ,cal physical tests and measure-
ments to find a physical measurement which agreed that the
noises were equally speech-interfering (Section II); (6) the
variability among estimations of the average noise level
obtained from observers reading moving coil meters was
determined (Section IV); (7) complex calculation schemes
based on physical measures were applied to the 16 noises
(Section IV); (8) psychophysical measurement schemes were
applied (Section VI); and (9) a new set of speech Interference
Criteria was developed (Sections VII, VIII, and IX).

On the basis of this reexamination, two summary
papers were compiled that concern the important frequencies
in noise-masked speech (Section X) and noise limitatins on
speech (Section XI).

Related studies were conducted to determine the
relationships between (1) noise levels and speech levels,
and (2) the angle between talkers and listeners in face-to-
face communications. 5 ' These are presented in Appendixes
A, B, and C.
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MEASUREMENT OF SHIP NOISES

To obtain experience with the kinds of levels of
noise aboard ships, noise levels were measured on three
Navy vessels, the aircraft carriers USS ORISKANY (CVA 34)
and USS TICONDEROGA (CVA 14), and the missile cruiser
USS CANBERRA (CAG 2). Measurements were made
during sea trips taken in conjunction with two other problems
dealing with communications in the Combat Information
Center (CIC) and on the flight deck of aircraft carriers. To
some degree, therefore, the sampling tended to be concen-
trated in areas occupied by CIC and Air Department person-
nel.

Figures II-1 and 11-2 summarize, in histogram form,
157 noise levels measured aboard the three ships. Except
for a few large compartments, each measurement represents
a single compartment. The uppermost histogram of figure
H1-1 shows the distribution of 3verail or C scale levels.
All measurements were made with calibrated General Radio
Company Type 1551-A or 1551-B Sound Level Meters. The
arrow at 86 dB indicates the median level. The next histo-
gram depicts sound levels obtained with the A weighting 7 of
the sound-level meter for the same set of 157 measurements.
For this distribution the median is 76 dB.

The two lower histograms, figure H-2, present over-
all (C scale) and A-weighting levels measured in spaces in
which satisfactory speech communication was judged by ihe
measurement team to be important. The 64 measurements
selected from the 157 measurements correspond roughly to
the A category of Ships Specification SI-10.2 The median C

and A levels for these spaces are 82 and 70 dB, respectively.
Figure 11-3 presents histograms of noise levels

measured by Jensen and Soroka aboard the aircraft carrier
USS CORAL SEA (CVA 43).8 The upper histogram is based
on overall levels calculated from listed octave band ievels
and the lower histogram is based on Speech Interference
Levels 9 of the same measurements. Median levels are 93
and 73 for the two distributions of 60 measurements each.

Additional data on noise levels aboard U. S. Navy

ships are available in reports from the Material Laboratory,

New York Naval Shipyard. 1o Median overall levels were

about 84 dB for 44 measurements on USS BORIE (DD 704),
about 90 dB for 20 measurements on USS TIMMERMAN

(EAG 152), and about 80 dB for USS TICONDEROGA for
19 measurements taken with no aircraft in operation.

Speech Interference Levels (the 300 to 4800-cIs,

four-band average) gave median values of 80 dB for 23
measurements on USS TIMMERMAN and of 66 dB for 20

measurements on USS TICONDEROGA.
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Figure II-1. Distribution of noise
levels in representative compartments
on two aircraft carriers and one heavy
cruiser. The upper histogram is mea-
sured with the C-, the lower with the
A-weighting, of a sound level meter.
Arrows point to median values.

COMMUNI CATION DEPARTMENTS
20[1 71
L° __

- - J . --- ____l

50 60 70 80 90 100 110 120 130SOUND PRESSURE LEVEL IN DS

1r

50 60 70 80 90 100 110 120 130
THE A-WEIGHTING LEVEL IN DB

Figure 11-2. Distribution of noise
levels in only those compartnents where

speech communicaticns were judged to be
necessary on two aircraft carriers and
',ne heavy cruiser. The upper histogram
is measured with the C-, the lower with
the A-weighting, of a sound level meter.
Arrows point to median values.

11-2

- - " !



_ _ _I I II I

60 70 80 90 100 110 120 139
SOUND PRESSURE LEVEL IN DB

103

50 60 70 so 90 100 110 12G 130

SPEECH IWiERFERENCE LEVEL IN DB

Figure 11-3. Distribution of noise
levels abccrd USS CORAL SEA (CVA 43).
The upper histogram represents
C levels, the lower is the average
level in the four octaves from 300 t.7

4800 a/s, the four-octave Speech

Interference Level (SIL).
Arrows point to median values.

A later survey of shipboard noises by the Southwest
Research Institute" concludes "... that airborne sound
levels generated by machinery items are above specifica-

tions in several shipboard spaces.1"
Figures 11-4 through fl-11 summarize the SRI

noise measurements and the BUSHIPS specifications ap-
plicable at the time. The measurements reported were
made aboard the aircraft carriers USS ENTERPRISE (CVA
65), USS FORRESTAL (CVA 59), USS KITTY HAWK (CVA
63), USS RANGER (CVA 61), and USS HANCOCK (CVA 19)
from 1959 to 1962; on various conventional and nuclear
submarines in 1958 and 1963; and destroyers in 1956 and
1963. The authors measured noise levels only aboard

DD's 849 and 868 and CVS 18 in March 1964. it general
the noises in Category D and E spaces were measured at
fuil power runs and other spaces during "endurarnce" run-
ning conditions.

The noise leveis aboard merchant ships of the
Netherlands'1 and Noray'' 14 varied froni 65 dB(A) or 95
dB(C) in cabins to 105 OB(A) or 110 dB(C) in Engine Rooms.

Noise level- on the navigation (pilot) bridge of 24
German ships1s varied between 70 and 102 dB at 31 c!s and
between 40 and 55 dB at 2000 c/s, with spectra falling about
10 dB per octave from 31 to 250 c/s and about 5 dB per
octave above 250 c/s. On the average, C levels were 90 dB
at "full speed ahead" (voile Fahrt) and 90 dB a- "stop."

11-3



- CHART ROOM I..-... .-
---- RADIO CENTRAL I "' 1tr3:lt

I RANGE OF CIC NOISr LEVELS FOR SEVERAL CARRIERS

OCTAVE PASS BANDS CIS
100

AVERAGE SIL - 55

90

70 -

4 - -

Figure 11-4. The range for
o - three Category A spaces (air-

- - - - - - craft carriers). SIL limits:
- CTC - 50 dB; Chart Roon and

20 IT ,, Radio Control - 60 dB.
3 i S 1 7 5 1

100 1000 10.000
FREQUENCY CIS

SAMPLINGS OF

-- 15 PAD;O CENTRAL NOISE LEVEL
- 7 CIC NOISE LEVELS

6 CHART ROOM NOISE LEVELS
4 MISSILE DETECTION CONTROL ROOM NOISE LEVELS

OCTAVE PASS BANDS C/S
I I I 60I 2 .1 AM I

AVERAGE SIL -67 RADIO CINTRAL
f r62 ALL OToAERS

Figur Il-- Th rane fo

- -I

2J

It',:, II 0 O. 0
FREQUEN..Y C/S

-4

3_ Figur 1- The range for

-~ou Catgor A spaces.--



SAMPLINGS OF

14 CPO'S BERTHING NOISE LEVELS
68 CREW'S BERTHING NOISE LEVELS
i4 CAPiAWN'S SLA CABIN NOISE LEVELS

-- MEDIAN-OCTAVE BAND SOUND PRESSURE LEVELS
MIL-S-1-10 LIMITS

OCTAVE PASS BANDS C/Si s IS )m b 2 4 M %
- AVERAGE SIL • 60

010

§ 9

0

50 Figure 11-6. T'he range fcr
S~t hree Category B spaces

5 2 2 5 I 2 5 ( d e s t r o u e r s ) .
100 1000 10. 000

FREQJENCY C/S

SAMPLINGS Of

15 DESTROYER ASW CONTROL. ROOM NOISE LEVELS
32 SUBMARINE CONTROL ROOM AND ATTACK CENTER LEVELS

MEDIAN-CCTAVE BAND SOUND PRESSURE LEVELS
MIL-S-1-10 LIMITS

OCTAVE PASS BANDS C/S

US$ is ISO m S ON S 22D -l Al %

I i

AVERAGE SIL -60

I I I

* ~ '1

09 
I II

2[

• € OUENCY C/S
50-5

--- ..-. . . .. . . --" -4 ". .. . . " .. .--r' -



0=RANGE OF MEASURED NOISE LEVELS I.N AN ENGINE ROOM
MIL-S-1-10 FOR THE CATEGORY D SPACE
PERCENTAGE OF READINGS EXPECTED TO BE ABOVE AND

BELOW THE MILITARY SPECIFICATION

OCTAVE PASS BANDS C/S

Co x I

oj -e5.c,

9-

Figure !IIe. Thze range for

I a C'ategory D space (cont~en-

4 tional1 submarine -full

A _______1__ 
power run).

FREQU-ENCY C/S

=73RANGE Or MEASURED NOISE LEVJELS IN Tif ENGINE[ ROOIM
-MIL-S-1-1O fCATEGORY D)

PERCETAGE CT RtEAD INGS EXPECTED TO BE ABOVE AND
BELO rIE A1ILITA2Y SPECIFICATIGN

OCTAVE PASS BANDS C/S

.1I II ~SI-Fl]

0

-JD

0

1 25 Pigure 71-9. 2Pze range f"or

a Catecorj D) space (nuclear
_r rz 34Z ~ szib-a-ine -full ower run).

FREQIEXC CIS

11- 6



RANGE OF MXASUREDINOISE LEVELS I" THE ENGINE ROOM
DURING FULL POWER RUNS

MIL -S-1-10 (CATEGORY D)
PERCENTAGE OF READINGS EXPECTED TO BE ABOVE AND

BE1OWV TIHE MILITARY SPECIFICATION

OCTAVE PASS BANDS CIS
120 IS3 330 1 W 1 24M = %

- MEDIAN SIL 87

* oi " --- [--1 - [__1]
zI

I I Figure! .. 11-,o. T.he range
3. I ___ for a Category, D space

5 m , I (19 ad Jes-ro~ers"

110 - 10. 0

FREQUENCY C'S

---- RMNE OF ,OISE I.VELS F3R TH FiRE ROOM
MIL-S-I-IO :CATEGORY 0)

BE1L TIE MILITARY SPECIFICAT;ON.

OCTAVE PASS BA.NDS. eIS

13 1 -- 1 |v - -

Jii-' - I r

goFL- -f-50

* I I 1'

50 Fig re .1-10. The_ range

[1i 1for a Ca.egoru D space

10D lo 10.000

£TIIK-1-10!CATEGORY D1-)

1-0 s I ISO 3 *m 20 z K %

71-



In summary:

1. Overall levels on three aircraft carriers, a missile
cruiser, and two destroyers ranged from 70 dB to over 120
dB; median sound pressure levels for five different groups
of measurements were 86, 93, 84, 90, and 80 dB.

2. The A-weighting levels taken aboard t wo carriers
and a cruiser measured from 54 to 116 dB with a median
value of 76 dB. MercLant ship values ranged from 65 to
105 dB.

3. Speech Interference Levels for two carriers and
one destroyer measured from 55 dB to 100 dB with median
values of 66, 80, and 73 dB. Ship specifications Section
SI-l0 give maximum permissible SIL's of 50, 55, and 60
dB for various sized category A %ompartments (in which

speech communication is import-nt) and 72 dB for category
E compartments (in which deafness avoidance is a consider-
ation, but a certain amount of speech communication is
necessary). Obviously, with median measured SIL's of
66, 80, and 73 dB and estimated* median SIL's of about 66
dB and 62 dB for the data of figure U-I, the noise level in
Navy ships is high enough to produce speech interference
problems. It is not surprising that several noise surveys
conclude with statements to the effect that SI-10 maximums
were exceeded. 8 l ° " 1i

It should be noted that although noise is a problem
in the Navy, not all ships or compartments can be classi-
fied as noisy. Brief informal observations aboard the air-
craft carrier USS RANGER (CVA 61). in June and August
1962, indicated a number of locations that were relatively
free of noise (about 50 dB on the C scale of a sound-survey
meter). The PANGER is a relatively r -,w ship (commis-
sioned in 1957), and from the observed widespread use of
sound-absorbing and sound-isolating material, it appears
that noise may be a lessened problem in some late model
ships.

* For ship noise the median A level apears to be about 10
dB below the median C level and th-e median four-band SITL
about 10 dB beiow the A level (fig. iI-i and H-2). This
generalization should not be applied to individ.ial measure-
ments., but probably holds true fcr the general class of
ship noise because of the all-pervading influence of low
frequency noise from blowers and prGplsion machinetry.
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JA 2DUCION level requiredi for sccessfuzl rominimiclion in a face-to-
CO PA ED toface sftuaionR-e to determirne the -varahiity n gSambient no-e kel in Ship copru t ishih estimatins ofthe avmrge noise level obtained fo

Noke in Ship saces comes from a varety of sources psx(1'4a -taeet of< th nose toa car-
such as blowers pmnnps, genraters, public 2Address - ra zeeaso tenie ht-
sygenis, radio receiversand tnen.. With the sbip uinder- relat- "zith spec ntcffence
way, nvoise in *,ower-eV-d onia tnns is augmented L COLZ O OF NOIS SOPMZ
by noise from the propulsion gear and from hull ibra-
ticn- Noise control is an e~-e-presimz problem on shis The firs: phrise of the stiid to determine the speech-

scontrol on lutUre sbiPS is 2pt to present eve n j=f~ij_ -ine--1es of s&' nose was to obtain a
eter problem &-e zo tbe ba-zasexd noise potil AL71eflec1t~ in af raccdIngs of 506b r~lsi

of inline umepon syenas Szm~d nos.rug The nos fod aboard an aircraft carrk indudes
methods -z-:, be nede. ma~ of th oie fa=% on oth swia s~padi

This FCeX)1t ree=-e the sqxC iniereianr 2-- 2dtio indjUdes soe ecmliar to aiXicr-tL For this
meds of nuis, -aii a %-e^ tvaal-VIS sniynoise reason, most ci tl= ship noise samkls were col~ected an

levelen--men± wmcs To accozrohsh this _.f,. aicra arie.- Recorfirgs a-e nl inz, m fiing =ces,
q1) noise krmels mn a nu-rtbber of shipbord spaces -,ee ornc in egieigspes and an or
nx=_,srd abnand *,mfaina 94ins, (2) reer atrte ____
zrzamft, ship,6 mnzezy, and oa:ure naises were ccl CO& C Woasz. =d iL a. Klanno ofusC Ae:~

* l.aed and svezaum aznh-zed, (3) mteffliaffiy tests z_ X~ Tartemr em a Fa4o-Fazzm C*m=iz&=c~~t Taskf
'Al ccmducte to =--d the le~-ds at wbien 16 of these 3 2ILG. So -A 3'~ 93 (16

=i .K1== ad L m Kin;; '13c Locl4
naises intefrfed w=Hzfl uith speei, and (4) --he 16 a Tanker to -Asm tie _%=:5 T i a -== Nsccis
noises ~ na ~ ce bo a umero aaltia !vsea _') -

3 IL Q. fl= =d 1. L. ILavo-, (V0=uvr lroiinv im
lests and 1: emn~ s to find a P4vsxo1 mnesree R =a; -- ~erch A~s me = S; S = W.4- :S U-s M =
that agreed that the nRiSis W=r eqnalvw seech-inwe- -. -o- 4. 25-29 (195)

Clasdv related studis wte cod~ to ee- 'I RG. 113nmm =,dj C 1Rx-1r ?rea2C Spec= intr-
se i~3C~ an 2d spem 3.. ji secm . -A-- 3. 1 i;; A) jt963,.
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1329 SPEECH-IN1TERFERING NAVY NOISES

about the flight deck with jet and propeller aircraft - -1 0'*"3 ' S~t: t ' cv41Fs sc

operating. For a ship's diesel engine noise a sample Ito.

furnished by Liibckes was us;ed. Other recordings were
made in machine shops and ollfce spaces back in the - -

laboratory. To complete the sampling, three standard 0C ~
laboratory noises were added: random noise, flat or 2
unweighted; random noise shaped at +6 dB peroctav-e; W ~ ~-c O.
and random njoise shaped at -6 dB per octave. These qV , I GA N

are later identified as T-N Fiat, T.\+6, and TIN- 6. ,-I

Equipment used to record noiie samnples included a cc'
selected, omnidirectional Altec Lansing type 633.A Tn4.

ZZ\

acas Pass Samos 44 CC&ts fte SEDO W #

o off' j: I

I -Vew li 1
40eq n e n r r 1

o A I ' 0 I

0 1 1FREQUE-ICY MN CYCLES PER SEC=N

"I (rmb engine)- Thsi 2 ktrw otro aresze e2 toi
RUS I=rqec hue-I ccxv-nt e Fir. I fco otherdc~ai*Ls._

I II ' IIL ANALYSS OF TBE16 NOSS

,T he magnetic tape recordings of the noise* samplVes-
werel w cut into loons of 10 to 15 sec duration andreSol----v--]------- produced ox-er an A-.mpex Corporation type 401 re-

011 Am,* 3; 1~~(4~:iomtercre amplified by t;'xo
43! -E S corder.l~h 71e igalfrm heree,

,0; wa f 2 ed to an Acauslic Resea-rch Ioumdsp-eak&e, model 3,
FREOFEtiy s CfCL- ES n

A~ ~~~~v n3~~k~~z~e imt ti rr is sbMM at dec =;Vxr

cc~xes I-3O, S30L2i 600-1. 12-03-240%. 24C;-4 W.. zi*-A*

-0 cp x-dse= trd nze bs212, -;r% etc

C PObne6 a Gtenzm1RzdkCompanvy zpe 131A a ' a

.e=&-_i IL rreco-rdLn n, samples tht ropbon -J L ?L.~- -
wzas positined. at places rwrzraily oc-L-upd imIypepke Z I
peiflormIng their Wits.

Oi 1513 recodinis, 16 -- pes wtic se t o
sepesent boih interraitezt anzd teady-saate noises. to u ___ ; V~ .

opei~tig si4ps. A short eksciption, together -Aith 'C~ ~g
Wiit&&V i- h tUCCe 3md a si ~a anat. sis. is shmm2; X *0
ior xeach ose in Figs. 1 &ragh 16-. MEt9C M~ C'rcS P5*i SEC020

!iVr S. oczx tamd 3d c N-r& I Ld ds aoi st sUtm.iAt
E_-_ Lackt. ( 3Us!a I5-t5'(cixi =~a). This s a sy.2 kafiqce Uorx nMr See Fiz. 1

_1W oIbrr &dl..



R. G. KLUMPP AND j. C. WEBSTER 1330

*:?M *413 a Is - CCl .Is -I- t$ -.Z TS. c* g SA :9 CVC:1. fet .Ls ..

It o 1c, o;D" _ :I. I * i ! , J
I I I K I

4 I 4 I - 1•

to NO04 0sr,__

OA TN-GB o"

• ;- -I .

z !_ _0-..".!l i
"0" ?,C o'-" I I- "W° 1 1 ;I 'I I IX
hi [* \ , , ! !

&.... TO CA , ,
4 o"o

Jo fl o.Se :.1fo te eaW

awyo ,h te ide of stdo Ih dimeni o fe h _ c-nefeee tIt eecmlt
.h;tui qer 27 ftX1 f C ! f, an it -eebeto octav badin ote I esueet h

te aab0.3 Ie tfeunisu Io k, ec acusi repro-ctin of en': of he 16reore s pe

r k2 5 - c Fr 1S te 7 5 552

M: ioo "
FREOUECY IN CYCLES PER SECO!O FREOUEPICY LM CYCLES FER SECOND

2FIG. 4. Octave band and 2-0-c%-cle band In-CIS of noise sarnqkl 4 FIG. 6. Octave band and 20-cyc band I .ts oi noise sample 6
9 (thermal noisE sloped a-, minus 6 dB per octa-v). Tis is very (Pofler she=r), an extremely iernmitent noise of a !iyd rabc

ste~y iw-reqeny is--Sm ig Ifo ott7deais.Pjo =hartuinr Metal, including clang of .44ime al :ig
steay. ne-requncyr~dc. Se Fg. fo-othr ~ t~ f~..5~-,:.. I for other detaiLs.

and an Altec Lanising 604 loudspeaker system on one phone locted midway between the two loudspeaker
S ~~side and to an Altec Lansing 8-20 loudspeaker 18 feet ytes

away on the other side of z studio. 'The dimensions of After the speech-interferernce tests were completed,
the studio were 27 ftX 16 ftX 10 t and its reverberation Octave band and other physical, measurements oi the
time was about 0.3 sec: t frequencies up to I kc, acoustic reproduction of each of the 16 recorded ,nV.es
rising to about 0.3 sec at 4 kc "sec. For analiss the weead.ABnad artpe23RSmtr
acoust-ic signal 'was picked up ky a condenser micro- and a pair of Allison filters with a combit.ed rejection off

ClA ts *P1)2 ab: zeA1t 9)9 - 1)1* ft13 S&Ib:) C'jtg 02P 22=00

uIt

a too mjoo-

o I o I 0"II

o , i ,VT~

ca

:ho~ .-dh ___1rb- qca /. jrfltc . mb and Ita-tr, ~s i Ivah- 3_ o :

-id.;: de Se ~.1feohr with smal Tl chan"ges in le -d. See Fig. 1 fo ooooooooo d:a
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OT11 '0S3 $AND IN CYILC2 PNIR SIEC=OIND ,,.!.* '*'. ,; q o -. otcgol4o- W 100 -- .

<I J I+ ,. " 7-I-~ *

Boa 
go

0 0
d ANO NO.I0 iOA COMP t D A TN FLAT

so so... .. ..

4/

a !l 60 -

FR"UE.'' N CCLE P, R SECON FREU ,.CY IN CYLE R EC.

,4 so A so - -. 4- --

60 "/ota.0 I re usd tomake 700 t97 es77eea 7su"met

40 •e otv ban mau et are p e in Fis. S ,o n Fg .1 hou
160 100, 0 00 10 000 1O000

FRE.QUENCY" IN CYCLES PER SECOND FREQUENCY IN CYCLES PER SECOND

Frog. 8. Octve band and 2tyce band lev s of noise sample 8 FIG. 10. Octave band and 20-ccle band levels of noise sampe(a compres,,, with -hythmic sound pattern). See Fig. I for other 10, a relatively flat, reatively constant level thermal noise with adetails e ride-band hiss, elatively constant in level. See Fig. for otherdetails.
60 dB/octave w'ere used to make these measurements.
11.e octave band measurements are presented in Figs. 1 The over-all levels (C weighting) on Figs. I through 16
through 16, together with the log amplitude vs time represent equally speech-interfering levels; the deter-
traces. A 20-cps-band analysis, made before the final rmination of aihd the interpretation of these over-all
loudspeaker configuration was determined, is also given levels are discussed later.
m these same figures for reference, although these data The noise samples were numbered on the basis of
are not directly comparable to the octave band data.

OCTAVE PAS ".- m& CYCLES PC*R SECOND

OC7)4 PASS SANDS M CYCLES) PER0 SE~COND It 0 0 0 0 - I0M 0 4 - 4 4 - 00 - It"074 -8- t0 - 4,.0- *800- 00o0-5800€- *,001 ;i i 'I ' 1
ItJI

I ; 4 IO ... 'T- -
o100 

.I-"':,oo- "
to too.",

LI ' - ° 01! '- °0- 0 Ii
0 N! got NO.11€0 

ARST GEAR

eO -- NO.9 -O!-,----"
V BABL ' ,

_ _j 7 0 - - -_ _

-1 I

IO ----.- TO W

> o

0 1 6 : I~ 7 Y 6 73. 73,7 4 765 . 760j 46G

and .. . .. .. . . .. ., 1, . . , 0 o " .o 0 0 o o
0 O 001001 O Y CY. PRSON

FO N 1000CYLE P000FRQUNYSNEYCECONDECN
FREQENCYfri YCLE PERSECOD FI. 11. Octave band and 20-cycle band level of noise sample 11lFIG. 9. Octave band and 20-cycle ,band levo % oi noise ' anple 9 (ar-resting gear). This noise, which w\a+ rTecord&d in an 4LrestIag-(voice babble from Ref. 1). This consibted of. pairs of conmlni- gea, room of a carricr, has rumble, shriek, bang, and roar cons-cators exchanging monosyllabic words, resulting in irregular level ponents, and fluctuates over a 20-dR range in an irregular fashion.(20 d)adfrequency changes. See Fig. 1 for otlher details. See Fig. I for other dctzils.

50
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0 V PS1IMSMCYCLE11 vto 8Icow every 15 sec. This ranking system was not used as the11 --order in which the speech-interference tests were run,

U I0 111 ~ I. EQUALLY SPEECH-INTERFERING

j The aim of this portion of the itudy was to determine
o g - - - - - - - - - the speech-interfering effects of each of 16 noise samples0 OA

q 4 NO. 12 by means of the procedurc known as the speech-intel-
ENGo ligibility test. Insuch a test, listener.-ar presenteda

Cr mixture of sp-ech and noise, asked to write down theI speech they hear, and scored c-n the correctness of their

> speecdi from a loudspeaker in the peen of each of 16

ZOCTAVE t2SKO Lf iStC

IA ItI V -! !

0 
$0C 

-- 
.. too

I- It

'60J7 40 7a 2 74. 6O 4- 100

1I 1±0 100 0
FRUNYIN CYCLE3 PER SECOND 0M r

FIG. 12. Octave hand and 20-cycle band levels of noise sample 12 : A
(engine room). rh~s complex ;stachinery noise, furnished by Id
Liibcke, is relatively steady in level. See f;g. I for other details. cc -

frequency ccntent, the low-numbered noises being ric TYP
ic T

in low-frequency sound and the higher-numbered noisesL 1abot trogh12hae mstofthirenrg i th ~Go- -& - L-A>
rici in high-frequency Sound. The noises numbered from A

m id frequency region. The amplitude vs time traces ~ ~ IIU 5

show that some of the samples are relatively constant > . 'r ''!
in level while others vary as much as 20 dB in level ~I0 e7 ?10219170611

0! 71 
7 9 5 82

OCTW( Pt *AkV* M CYCLES PEA 99COU ________________________________
4s I' .1. "Co

45 - - IS~ 5~~**O- *CO- fll-SaO~FREOUEKCY :.O CYCLES PER SECOND

FIG. 14. Octave band art! 20-cy cle bind levels of noise sample 14
0 (q~writer). This noise is strong in high-frequency componets

ii the over-all level is faizly constrnt. Sec I-g I for other details.

0
0 OAtelvlfutae aidyfe oett oet6q NO. 13 Idiaerent ambient noisems The level cf each of the noises0 AIR GRND

eo -. U!-- _ was adjusted to give equal speech inteiference, i.e., 50%:"
I of the words heard correctly. The levels Y:- the 1S noises

7c, ____ were then cormpare to find tuc measurement procedure
_J 70 - - or System according to which the measured levels were
> mosx nearly equal.

r~t1 -Procedlure

I I -I ~ ITest words were recorded using a Radio Corporation
I fTII'of America iype BK6B lavalier microphone in order to

0 '1~.770OI T'7.0 81.4 7.6 minimize changes in recorded voice leerC4 resulting from
- ~ .. ....-. ,---,.~movements of the talker with respect to the micrphone.

t00 1000 1000.0 The singic male talker used had been found, in preiocsFREQUENCY IN CYCLES PER SECOND noise-masked tests, to be average or slightly above

Fi.G. 13. OctZAve band and 20-ycle band levels of noise sanmple 13 averag;e in intelligibility when compared with other
(air grinder). This s-)und, similar to a "dental drill" sound, ura laboratory personnel. To simulate the performance of a
prodtuced by an air-diiven grinder- in contact with a metal sheet.

FcIig. I for other det:-Ws. talker in noise, the talker spoke at a level approxi-
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mtly S ab..ve nomf.al. d,, urig recording. This in- *C"W "S "*R" ,"", .. .
creased vocal output was achieved by having the talker " j*o " 'i

first deliver words with normal vocal -ffort without I
watching a VU meter in the recording system. The , --- - , .I

average VU meter deflection output was noted and 8 c c A '
dB of attenuation was added to the meter circuit. The i , I
talker was then instructed to record using the VU meter I Do
and to adjust his vocl output to the level which pro- q No.M0 JE=T IOLE I

duced the same meter deflection obtained in the normal t 0 . JET----- -
voice condition. Actual levels were set on the carrier I I

word "write," which was given before each test word.
Rhyme6 words were recorded at a raie of one word TO - - ------ -

every two seconds. This two-second rate is faster than ' - ' I
that used by Fairbanks but has been found to be sat's- _ - \I t
factory in previous tests The rhyme test is essentially I I
a test of consonant discrimination with the listener A.required to fill in the first letter of an incomplete > 50

monosyllabic word. LI I
o o2 7 762 ,7-2 9 0.9 1 18C,

C-TAVCI PASS 941101I 1* Cv'€ .1 PER stc*,0 r

IO I FREQUENCY IN CYCLES PER SECOND

W / FIG. 16. Octave band and 20-cocle band levels of noise sample 16

-Oa (jet idle). This recording of a Jet engine on 6ime fligit deck of a
-. -,

+ carrier has strong whine components and has several a upt drops
-[ ll in level.

0 O , i
C over a University MLC loudspeaker mounted on an

0 adjustable stand. The frequency response of this loud-
S0 . - - I- 1 - speaker, measured 3 ft from the face of the speaker

NO.15 (head position of the listener), is shown in Fig. 17.
_ TN+ - - Playback level of the speech at the listener's position
> as measured on a sound-level meter set to "C" scale,

IJ "fast," was approximately 78 dB.
o ... c -v- Ambient noise signals were prvided by the playback

D I/ 1 .system described earlier in Scc. II, and the physical
.,__ go L_ VI measurements of the noises (Fgs. 1-16) were made with

I . 63, 0the microphone at a position corresponding to the
o0 

83s 8.6

*000 100FREQUENCY IN CYCLES PER SECOND X"" .
FIt. 15. Octave band and 20-ccle band levels of noise sample 15

(thermal noise sloped -it plus 6 dB per octave). This is a hish-fre- - _ .
quencv hiss with a re!.atively constant level. See Fig. I for other -2L'

One hundred lists of 50 rhyme words each were re- .-...............
corded over a 4-day period. After elimination of all lists g -,

with errors or ambiguous pronunciations, five blocks of < .... . ..........

10 lists each were assembled, %%ith each b)ock having..
equal representation from each of the four days of /
recording. o
For the inteliizibiiity tests the ilst were played buck I. 00

FRIOUENC' L4 CY-IES PR StCOND

'G. Fairbanks, "Test of Phonemic iiffer-entiati, n; Thc Rhyme. FIc. 1'. Frequency response, in thiird-octave hiands, of loud-
Test," J. Acoust. Sec. Am. 30, 596 (1958). spaker wed to rct~r.xluce rhyme: woris. (Add 4.9 dlB to obtain

'J. C. W'vbs.er aid R. G. Klumnpp. "USNEL Flight Deck octave-band :evcl.. Uptvr curre: Electrical r(ponse o! thermal
Communications System. Part 2. Noiie and Acoustic A.mxcts," noise. MLC curre: Acousticai output of MLC speaker to thermal-
Tj. S. Navv El-ctronics Laboratory Report 923, AD-20 286 noise input. Bottom U.re: Diffeeence bLetwe!) electria- input and
(1960), ior, ziote, z,. 19. acoustical output.

-
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center of the listener's hea4'. The noise measurements,' TABLE: 1. Percent words correct vs over-alli~s e~I
therefore, represent some sort of an "average" noise at E-tal
the listene -'s head posizion.

The listener was seated at right angles to arid miidway~ C Scalf ing "C"
between the two speaker arrays located 18 ft apart. Percent -reading Correction Level in
Although the noise sources were located to each !Mde NieCret i l nd
of the listener, noise was localized as coming froni above 1 S hip Rumble 40.5 !07.2 - IA) 105-3

2 Grab Engine 52.5 97.! 6. 5 97.6(equal, in-phase signals at each ear). The loudspeaker 3Blwr0. ;:.3 .0 9:3
emitting the word lists was located in front of the 4 T-N-ti 42.6 88.3 -1.5 86.8
listener, at ear-level height, and with the face of the 5 Blot-wer & Hall 52.2 84.9 0.4 85.3

6Shear 54.5 77.9 0.9 :'S.8
speaker approximately 36 in. from the ears of the Gerao347 8. -. 0 93
listener. The listener's chair was fixed in position and, 8 Compreisor 49.3 81.2 0.2 81.0
becaus!e zf the proximity of the small table on which he 9 Babble 5!.9 79.9 0.4 80.3

lIt TIN Fiat 53.1 80.1 (0.6 80.7
wrote his answers, he could not me-re more than an I I Arrest in- Gear 44.8 86.3 -1.0 853
inch or wo in any direction. 12 Engine Room 55.7 85.1 1.2 86-3

Ti: inielligibiity tests in. this experiment differ front 13 Air Grinder 48.0 84.7 -0.4 S4.3
14 Typewriter 52.7 85.9 0.5 86.-

the: iU le-arphi'mne or single !cudspeaker tests in that 15 TN+6 52.8 87.7 0.6 88-3
th-e -4meclt and noise sources were spatially separatEd. 16 Jet Idle 52.4A 93.3 0.3 S13.8
Trh;s r,.zxs that the listener could "selectively &.itend" Average 49.2
tc- *r- speeedt. Precisely how this might affect the resuits ________________

is --wo. cti tain. The listener could move his head over a
:e.;ricted area and hence could position his head with 400wrs( itnsXOltX5wodpeHt)

rcspet t t boteh sidre in fthis he ande Column 4 lists the sound-pressur! level of each noise
noise sources atbt ie.i hsmanner hecoul (C -scale of s-ound-level meter) as it was set during the
maximize speech-to-noise ratio. In particular, this pro- intelligibility tests. Based on the assumption that a
cedure might be effective against high-frequency-noise, cage of 1 dB in speech-to-noise ratio would produce a
standing-wave patterns, such as existed in the jet idle changeo57,inteprnaeofwdshrdcrcly
noise (# 16), which contained several strong, high- chauneo 5 i the percntag of wBor eardw corremtly

Arequencytonal w co eetuentswt nra to produce a score of 50%.. The sum of columns 4 and

ballnglisteners grer ta coleg dtuden ith naform 3, column 6, yields equally speech-interfering levels of

heain no l0css mreae thn 10 cIBin eyither earfom these noises expressed in terms of the C weighting net-
125 o 600 ps s mesurd o a i~k~v-~pe udime- work of the sound-level meter.

ter). Five males and three females~ in the 17-21-year age An average score of 99.8% was obtained for the 500
bracket served, words presented to each listener in the quiet (6 listeners

The testing sequence for each listener was as follows: heard every word correctly, one person missed i word
(1) audiometric test, (2) practice in quliet (10 word in 300, and one misced 8 words in 500).
lists), (3) pi actict' in ncse (10 lists in each of 4 levels Pre- and post-test scores for the group of 8 listeners
,f unweighted random noise), (4) main tests in which were 65.7% -anid 66.8%., respectively. The difference

10 lists were presentced in each ',f the 16 noises, and 1. 1% mas not statistically sigifficant. A difference equal
(5) a reiest with the same block of 10 lists, under the to or greater than 4.7% would be required to be signifi-
same conditions as in the latter portion of the "practice cant at the 5% level of confidence.
in noise" sequence to assess the effects of learning. An atnalysis of variance was performed on the data

Listeners were tested indivNidualy. During the main and it was found that differences among subjects,
tests, a single session for a given listener consisted of the between s:ores obtained in the morning and scores ob-
presentatioen of 10 lists in a noise, a 15-minute rest, arid tained in the aftcirnoon, between scores obtained for a
then the presentation of 1.0 more lists in a second noise. noise %zhen it was presented first in a session and scores
Each listener served in two ses--;on- per day, one in the __

mnoiting and one int the afternoon, until the required 12 8 (a) CV. Hudgirs,j. E. Hawkinsj.E. Karlin, and 5.5. Stcveres,
test Eessions tver copleted. "The Orvelopment of Recorded Auditory Tests for Measuring

Blcsof 10 lists were coun:erbalanred amiong Hearing Loss for Speech," Laryngoscopt 57,57 (1947).'The- show
Blck a 4% pc lB change imonosvyllabic scores in the vicinity o~f 50%.

listeners and noiscs, and the sequence af r-oise samples Fairbanks ',Rcf. 6)1 states the slope to in 3% per dBi o~er an ex-
wa!: counterbalanced among listeners and afternoon tended (33% to FI% range, but his d~ata when restricted closer

to thme neighborh'ood of 50%/' show more like a 5% per dBi slope;
and morning scssions. (bi) W. E. Moitague, "A Comrparison of Five I.nteig~ibiiity Tests

for Voice Communicatici! System," NEL Report 977, PB 157 229.
ResltsAD254-54i (1960). lie used the rhymzre words at the rate _sed in

this st-idy, and gets a slope of about 7% pe-r dB. Had either 7%
Tabl 1 lstspercntag ofword corectobtaned or 4% been used ;nstead of 5%, the dfference in corret-tion would
Tabl i lstspercntag ofword corectobtaned have been less than I dB for the noise deviating most iro.n 5%

from each ofs the 16 no.Ses- Each percentage is biad CIn nam :.;, noise 4 7, generator.

T7-S
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obtained for a noise when it %as presented scwtd in a which would predict office acceptibilitY would indiiectly
session, and among the variability of intelligibility predict adequate voice communications. Beranek' has
scores obtained %Nith each of the 16 noises were not developed such at set of NC curvts having numbers as-
statisticall significant. signed which are the average of levels in the 600-1200-,

1200-2400-, and 2A_0D-4S00-cps octave bands. Any noise
IV. PHYSICAL PROPERTIES OF EQUALLY that does not exceed a level in any octave band greater

SPEECH-INTERFERING NOISES than a specified INC curve level is assigned an SIL

It is apparent from column 6 of Table I that the "C-" number corresponding to that _NC curve. Iff the spec-
level of a sound-level meter does not predict the speech- trum of a noise is known. , its SIL can he estimated from
interfering properties of noise. These noises were ad- the INC curves. This fitting of a noise spectrum to a set
justed in level to give equal scores on a speech-intel- of noise criteria contours uill be called the "tangent-
ligibility test, but the levels as measuared vary from 78.8 to-curve" method, and constitutes a second way of
to 105.3 dB(C) with a standard deviation of 6.9 dIB. estimating the speech-interfrering property oi a noise

It is neither new nor surprising to find tha t the dB (C) from knowledge Of its physical properties.
level of a noise does not predict its speech-interference Y oung4, has pointed out-". .. that the NC curves are
properties. Many bchemes have been worked out that similar in. shape to the inverse of the A -weighting-" The
take into account the two prime determiners of speec anner of ueof the NC curve make; it comparable to
intelligibility in noise: namely, the spectrumn of the noise frequency weighting haigashape ivret h C
and the speech, and the difference in level between the thercfore A levels should correlate closely svith NC, at
speech and the noise. The most sophisticated of these least for sounds having tanger to the NC curve over
schemnes, the articulation index (m), is not dilscussed a limited frequency band. The latter qualification is re-
in this paper, but is discussed in the following paperY quired because the sound-level meter integrat es power
Here, metasurements and calrulations are confinedl to over the entire spectrum after weighting, whereas the
simple measures on the noise:: themselves: the noises tangent-to-curve techique responds only to the maxi-
that have been equated in level to be equally speech- milm tangency levei, whether it be a single point or
interfering, parallels the entire NCcurv -. Considering the response

Three methods of measurement are disa.ssed: the of the ear to masking and loadness, one would expect
reading of a sound-level meter with weighting net- the integrating measure to be - uperior to thie non-
works, the fitting of plotted noise spectra to fam-ilHies of integrating one.
noise criteria (NC) curves, and the calculation of Since all the 16 noises were idjusted in level to
speech interference level (SIL). Good summ'ary state- produce eqjual speech intelligiblai iy in part III of this
ments of SIL with the limitations and assamptions; de- experiment, the eff"ectiveness of imy of the predictior
tailed are given by Rosenblith and Stevens"' and methods~ (SIL. NC. A sound leve , etc.) can be assessed
Beranek?' The general idea is that if the level of noise by its ability to yield an equal iurrnber or. each of the
in each of three, Loruo ie 4 otaebnsi nw 16 noises. The standard deviate.m around the mean of

speech levels needed for adequate communication at the 16 measures on SIL, NC, zi, etc., is thus an inverse
specified distances can be predicted. Noises with dif- -measure of which scheme actisiWt predicts, speech in-
ferent spectra, and levels that yield the same SIL would telligibility the best.
be equally speech-interfering. That is, the level of Table H shows the various measures associated with
spee-ch needed to be understood in a given SYL would be the 16 equated noises. Colunns 1 and 2 identify thie
the same regardless of the combination of spectra and noises. Columrn 3, iaezedev "wreight," lists an estimate
levels that produced the SIL. made by three individutalz. experienced in noise incas-

For an offfice space to be acceptable it rust be quiet urements, of the relative fr'.-quency of occurence of each
enough to allow~ easy face-to-fae or telephone v-oice type of noise. That is, in a- genzral sampling of ship
communications. A set of noise criteria (NC) curves noises, noises- 1, 3. and 5 would coninpose aboiit a t-hird

________oi all noise samples (11/33); noises 7, 8, 9, and 14
9j. C. Web'tcer and R. 3. tunpp, 'Artiruhioo Incitx and another third; and the rem-aining nine noises would be

Average Cume,-Fitting Method's o! Iredicing Sxch Inir- typical of the remaining i hird of n oise types. Coluns 4.
ference," 3. AzousL_ Smc. Amn. K- EM (0663a.

1W. A. Rcsenblith and X. 'N. Sz-,-s _h dm a 5, 6, an show the i~vcr-all levels as mzeasured on the
Noist Cora~d. Vol. 2:Zor cs Max. Wrizht Air Detomrr C: B: A, and DIN 3 (Re:' 17) weightng networks of a
Center Tf-c1. Rcpt. 52-204 soud-9S3)meer

"L. L. IDcranek, :lcialtis I.MK~ra'-ill Book Company, h., sudlvlmtr
-N-w York, 1954), pp. 419-420.

13 L. L. Beranek. 4 i1aeQuietig lIT- - %S. eifon ci Accepn- i L. I- crvnek, "Revised Criteria for Nolse jia Buildings,'
able Noise Lcds," Trans. A-.Sac. -Nie.. Eotq. 69, c-1, (1947). Noise Co'nrol. 3. No. 1. 19-27 j1937)_

UM. Strasbxrg. "Criteria for Setting Ai:b roe '.\ois. ee ~R V rug 4 ~tFitieSml ou~-c:iMt,
Limits in Shipboard Spaces," IHu-m~u of Ships Rcrort No. Noise Controi. 4, No. .3. 42-4:' (195S).
371-N-%12 (1962). 1- DIN 5%45, Asini '962, -or A. Pcikrson anti P. V. Bruci,

341~. M. 'Pickett and K~. Li. Kry-:er, 'Predicioa of Speech 'Imsuemnrts for Noise Me;.urcn-.3s, in Il,m-dbvek Of Ilo:xf
Inte-.igibiity in Nuse." Air Farvc, Cambridge !Meseard Ce.-ter, Conrrd ed1itcd by C. M. 11mris (McC-rawr-Hill Dock Comnpany,
Tech. Rept. 55-4 (19!j). Inc., Neir Yori, 10357, Cha,o. :6 p- 16-13, Fig. 1612(b).
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TAw_ 1. Physi l measures or calculations in dB.

SIL cakuhtiow
3 band 4 band

Furq r y i-izbtng Tazn&=-to-zvu 600-4500 300-00 30(-2.0 JA.2000 250-200
.N& Wdczht C a1 A DIN3 NC N CA 1-SO ISO(S) CPS CPS CPS CIO CPS

I Ship Ru=m U 3 105.3 9" 6.3 &)- 91 s0 Ss 77 66.3 70.5 73.0 71.6 76.3
2 Gr2b 1: -- 1 97.6 942 56.3 0-S 8S 51 57 so 04.4 69.0 71-7 71.1 76.3
3 't-,r V2.3 903 5.1 $L 53 79 3 52 67.0 71.7 75.4 73.7 77-3
4 T'. S SA. 833 79.3 ;-3 75 73 74 74 69- 71.'1 73.7 73.1 75.1

3-Lve: .. R 5 93.3 82- 78.5 77".2 75 73 7S 75 6.t 71.4 732 72.3 7.7
1. 4 2 7.5 7-.6 75- 74.3 69 69 71 71 65.9 70.0 692 6-5 70.0

" . 2 79-2 79-2 78.6 77.9 72 72 74 74 69.9 70.- 70.1 69.6 70.0
S --.. r= 3 $1.0 .6 7 5. 7M.I 72 73 75 74 71.4 72.1 72.4 72.0 72.6
9 ,4 "j 3 80- 512 M.3 503 76 76 77 7- 7.3,2 732 74.4 74- 72-8

10 .1:N Fult I 69.7 S- 81.6 51.6 73 75 so 50 74.6 73.4 723 72.6 71.4
11 " e, I t- 34.3 - 2 "v 75 75 79 10 75.2 76- 75. 77-3 779
;: f'av.-W Rc 2 3-. : 562 543 I2.5 F0 75 51 81 742 76.7 7M9 .4 752
13 Az. G-zndif 81" i-8 54.8 5-S 3 S4 S5 52 75.7 76.0 742 75-3 -.0
14 Ty A-xriter 3 &,-s 87.9 87.4 87.9 85 as 87 53 7M.G 763 74.1 74.5 73-3
15 T: +6 I 13 90.1 89.5 t9.5 55 55 57 57 50.0 ;7.0 74- 75.9 72.7
!6 Jet 1 93.8 95.1 943 942 93 94 95 90 51.0 79.8 76.1 79.0 77.4

FL 26.5 132 '.5 20.0 24.0 'ZS.0 24.0 19.0 1I,.6 10.5 9.7 10-5 7.9
Mean (16) 57.0 562 S5 52.0 502 78.7 51.1 79.1 72.4 73.0 73.9 73.7 74.2
Sam. Der. (o) 7.4 5.5 4.; 5.0 6.5 52 6.4 4- 4.A 3.1 2.5 2.5 2.7

nDe. (33) 6.7 5.4 4-2 4-3 6.5 4.7 5.9 4.3 43 2.6 2.1 2-4 2.4
Me= (33k 572 E5.9 F2.7 $1.0 79.5 77.6 0-3 782 71.4 13.0 73.5 73.4 74.2
Rank 1i6 13 10 5 a 11 9 12 6-5 6-5 4 1 3 2
0-.e. 33 13 10 5 7 11 9 12 7 7 4 i _5 2z

G-=p ,R&zk 3 3 3 I 1

Columns 8 and 9 result from overlaying the noise tions are show n, one based on the 16 measures as listed
spectra 'Igs. I to 16) onto families of NC and NCA and a second based on the weights (which total 33)
(noise criteria alternate) contours. Since there are no given in column 3. That is. the mean (33) and standard
NC or NCA contours above 70, ratings are extrapolated deviation (33) are based on 3 noises like # 1, one like
on the assumption that contours above 70 would be #2, 3 like #3, etc. The ideal calculation scheme or
drawn parallel to the 70 contours., measurement system would show a zero for both range

For columns 10 and 11, the noise spectra were over- and standard deviation. The most consistent system is
laid ento a whole family of ISO contour-_Is The contour the one with the smallest standard deviation.
(usually interpolated) just tangent to the spectral The measurement or calculation schemes can be ar-
peaks was noted in column 10. In column 11 are the ranged in rank order of excellence by assigning the
results when only the range between 300 and 200 cps rank 1 to the smallest standard-deviation measure and
was used; this is the restricted range I-O- application 13 to the highest. This is done on Table II at the bottom,
and is abeled the ISO(R) method. but the ranks must be interpreted with caution. Each

Column 12 shows the simple arithmetic average of standard-deviation measure has its own error of meas-
the -ound-pressure levels (measured in dB) in the urement [the standard error of a standard deviation is
octaves 600-1200, 1200-2400, and 2400-4800 cps. This (2N)-1 times the standard deviation. if this is taken
is the common SIL calculation. 4 Column 13 shows the into account, the measurement schemes can be rank-
Strausberg" SIL calculation which is the arithmetic ordered into more meaningful groups as follows: (1) all
average of the dB levels in tie octaves 300-60, SIL's except 600-48090 cps; (2) SIL (600-4800 cps),
600-1200, 12W-2400, and 2-34S-00 cps. Column 14 ISO(R), A, DIN 3; (3a) B, NC.A, and (3b) ISO, NC,
is an average of the sound-pressure levels in three and C.
octaves from 300 to 2400 cps. From this grouping it is apparent that all SIL

Columns 15 and 16 are averages of sound-pressure methods, except the conventional 600-4800.cps one,
levels in octaves centered at the "preferred freqen-- predict .he speech-interfering properties of noise best.
cies"n ' of 50, 1000, and 2000 cps (col. 15, 3 band), or The A- or DIN 3-weighted sound-leveJ measurements,
250, 500, 1000, and 2000 cps (col. 16, 4 band). the conventienal (600-4800 cps) SEL, and the IS0(R)

Below each. column is listed the range of measure- cuarc are next be-st, and the remaining tangent-to-cur,-e
nmeuts (the difference between the largest a,-A smallest methods and the B- and C-weighted sound levels are the
number), the mean measure, and the standard deviation worst-
of the measurements. Two mearns and standard devia- These results can be better visualized in Fig. 18,

which is a plot of the data in Table II. In Fig. 18 it will
s Inte.-tiol orandars Org.innti Tecdmical Commi're- be noted that the frequency weighting networks give

43 (Dmi.ts92S5. Draft Secretariat PN.>11l f07 X'f.
Ruling Yrij.-s 'I ret 0o C atiiu of =.ia. higher r-adings than the SIL measurements. This is
Spetch Ccmmu icatior, and A nemc ;Aug. 1961. because (1) the whole spectrum is measured and (2) the

ft ,numir-." .t,-lrd iA,-crm A Fr-aris for:atw. c' levels combine as the squares of the sound pressu'es.
yc-k). In the SIL measurements, sound-pressure ieves o'ove

- -l-=.-
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and beow a certain cutoff point are ignored anti the SIL being less than the 3000so-cps SL,and both less
octav-e band levels are arithmetically averaged: thcy than the 600-4800-Cns- SIL These are predominanth-
are not sum med. high-irequincy noises.-

Inspection of Fig. 18 shows that the noises group Three basic methods of specifying the pyia hr
themselves into roughly four clusters. The first five acteristics of these 16 equally speechi-interfering noi-z
noises are characterized by high C readings followed in have been shown in Table II and Fig. 20-. These are
or-der by B, A, and DIN 3. These are noises with con- (1) the frequency-weighting network method (A, B, C
siderable low-frequency energy. This is verified by and DIN 3) as used on sound-level meters; (2) thie SIL
noting that the SIL over the 30G-2400-cps oitaves calculation methods [arithmetic average of s,,und-
exceeds the 300-4S00-cps SIL, and both exceed the pressure levels (measured in dB) in contiguous ocza'-e
600-S00-cps SIL bands]; and (3) the trgent-to-standard-curve mcthod

The next group of five noises is characterized by (adjust peaks of plotted spectra to sets of ciuves. Of
nearly equivalent readings among the C, B. A, andf these three methods, the SIL mneasurements show' the
DEN 3 network, and an.ong the three SIL-type averages. lowest values of dispecrsio. The A- and DLN-3-weight-

The arresting-gear and engine-room noises are rA! ing networks are the best of the -meter netwcrk methods,
contents. The r-elative levels an.ong C, B, A, and The best tangent-to-curve methods are those utllizir.A
DIN- 3, and among the SIL's are like the l1ow-frequency a resiricted range or a steeply rising low-frequency
noises. But the mnagnitudes of these same m-easures lie contour.
midway between the flat spectrum noises and the re- These three methods work in diffeni vays aditi
mainig four high-frequency noises. One of these noises per.tinent to0 point out how they differ. The sirnpkst in
the arresting gear, is very interm ittenrt and is hard to concept, but the worst in predictive ability, is the
specify and to measure. The other, Lidke's engine tagent- Lo-curve method. In this method an3- the noise
room noise, is peaked in the mid-frequencies and is peak -,hat first becomes tangent to the geerafized
neither a high- nor low-frequcrcy noise, nor a flat one. curve(s) determines the measure. Any pure tone comn

T-he Last four noises are characterized by approxi- ponent, or any restricted band component, that differs
nrateiv equal reading on netwrorks A, B, and DIN 3.. drastically froiji its surrouni specifies this rating.
and all of them greater than C, and by the 30-0-2400-cp)s 'the frequency-weighting networks add components
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op a power basis; Le., two equal components add 3 dB justed in over-all levels so that listeners h-.ring mono-
to the total, ard a single ccniponent 10 dB greater than -.%labic aords- at a constant l'evl via a louspeaker
its neighbors essential - determines the level. Both of achieved 5L3t. uord-intelligi ibity s4comes. Insofar as it
these methods fzangent-to-curve and ire.ruenc'- is possible to generalize from ru ,reanents Wsc& on
.veighting network) ar ver- sustpnible to tonal or 16 noise :saxmpNles, p - measurements and ca.cula-
narrou-band high -ener- components. And it mn be tions on equal-- spech-interfering noises show that the
inferred from Licklider ano, GutrnM that to-al coL- speecO-intenering properties of noses is best esthma-ted
ponenxs do not mask speech very eiecfiv e-. by averaging the rod-pre-sur levels in .ndreency

Unlie the tangent and network methods---hich are octaves, then by use of ifr ency-aciglting networks
determined l-y one (tangent) or more, (n-twork) er v in sound-level meters, and finally by fitting the spw
peaks and give readings eqTal to (tangent). or g.=ler raks to noise contour-. Moe spedficly: the be- of
than (network), we highest peak:-the SIL ricthod the SIL methods, the 300-2400-qis SL calculation,
lowers .ae importance of a peak by averging in lower gave slightly better predictions than any other com-
levels. bination of octaves, In line rith sta.dardizing on "pre-

The fact that spec-intellig-bility p-diction is fe-rred frequency" octaves it is eacou.-aging that the
better when the 300-600-cis octave is included in the 3-band (500-20X cps) SIL and the 4-band (23--200
SIL calculation is not a new finding. Bemrneku states cps) SIL gave -esults cimil to those cbtained ith the
on page 419, ". - . if the le-el in the 300 to 6CO (ps 300-2400-cps SiL
band is not more than 10 dE above that in the 600 to Of the next best method (weighting networks), the
1200 cp; band, use t.e 600 to 1200 cps band as the first A aLd DIL 3 were equivalent a:d as good as the
Land and then define the spreck-infafereie l=d es Ike 600-4SO0-cms SIL, Al of which were better than tle B
aritlkndic ard'age of "ire sou-d prnsure le:d in Ike 1,.-eEr and C networks. As a first approxination, and in the
;ands 600t 1200, 1200 to 2400, and 2400 to 4800 cus. ab5ence of octave band filters. A or DIN 3 sound-le-el
However, if the levels in the 300 to 600 cps band are meter nmeasures may be use d to predict the -pech
more than 10 dB above those in the 600 to 12N0 cps inte:ference of steady-state nai-e.
band, the average of the levels in the four hands -Among the a poone me-thods (noise contour
between 300 and 4S00 cs should be used instead-" criteria), the ISO(R) was as good the A or DIN 3-
Ship noises tend to predominate in low-frequery sound weighting network, or the 60-4S0-cprs SIL, and
o it is not surprising that St.asber standardized on although the NCA curves gave better p-diction than

a 300-4S00-cps SIL band when treating ship no;s. the 1SO contours and the NC carms the tangent-to-
The present data tend to support te view that the top curve methods as presently used are not vry good, no
octave 24[-4.800 cps can be eliminated from the SIL better than the B-eghting network

!caculations without undue loss in predictive abifity. In
fact. for these ship sounds the 2 MIJO -co oct-v-e ACKNOWLEDGMENTS
lust adds additional disperson in the measarements. We g. ratefully acknorWlege the many peoplhe who
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bvowrvfr- the primary differemee amco,- the zmeem aerentei in r--ezer dzinpini-- frzqtwncv response and
was the degnte of &m3pmr~ Tbhe lirttuc-Paricrrd l
(HP) fee se or "1 Cp-- W~e C ~cles per se
*ad and ineperdts go-. s-ecod) respone a1incs~t
tpkete~y "irned ou:' =metz- drton
in kvA~: t-- Bradl and Kjam I B & K) inetr s
to "P--ak-VUW r,zd-2v r--poded- to was
tart- fttaios; the Gtezael Radi, 'CH) =,-Ter-
set to "A weizhting-Sow Mefr"& wms nemei
ale amsa~z the three metet in the rajidizr of i---
rtspme. DiffCtere S in dampirm a ln te thric *- t
mm-eirs am~ --busm in I'm- 4. whirb P3012s ;b- pe-r
etnt of poEiu armmiar ewsfttiom ac a fczo-zkio of,
:smw Wtben *zh wz., artiratu! br tb- abTr-p on.-

of a~e~~ind Um~rp ~n!..Fie-urv 4 nlrd' ;5w-t
ath ftWn.-'M WuTVra- djn.4fd_ 3 th in,- to nVAt- j~r,

of funf-sele an-rnlar 3t5eeion w- ic~ thmn 0.2
second (sxe) for dhe P. & K mtr, Abmni OZ ec
cnd for zbe GR smeer, and craer 9-5 second fortI
lP =tier-. The es shomm wwee obtain-mP w'inzr i- Hr" P&js. p 0 -it

an G.surcr with a -szop e-k-A to time pcinuwr asau
har dtteclkmes4, zad zre :bemrefcear- una-o

T e Ip7W- mS infW-Mat.On 4M~ the 16 Dg;
sampes. ored ina the experimmel- Seine of the voi-

shiips. -Qo= xr-.- zeowded an *bcp, and cae-' ant
1=4d an)d a f-..er mWi in M bao-
The moie s-am-.Jt- Ea Tah&e Hi z-.-. et'ded f.-om I

Jo16 CC the bzsiofi oc ratssi,.
Xoi~s o.I iltu I No-. 5 ce~~em- -3 ian

1,,= xnvic.-ces: nesXe. 6 tht N o- e I-- bair
mmaof ib6.- e=.- in the mi-f Ane

ared noi~vses No-. 13 tL-vztgk Nt. 16 isx- , !a =
freqvene- cumpxnzmts.

7t dzatim -Da erl sanzpk-. Lsted in tvum 4
of Table 11-. xx tajik-d .* be fa7 an oa-

~'rto make a raleudmt2et om a mxicn -No!-4

*M-m bimh t-aniei Ony 5Jigbaity or 'e-n-ar in
Ierd mre pts~t-wd fcc a minixm m rneh of time
-f9 srcl. szznple w~hseca tat-d i--eguar-v
xc w'ideir in tee1 we-re pvsc:ee for-- ofsdsa
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Fig. 4. Apprrzriote dcwVpia ck~wostics of the thme
idere useAL

to !Pr dix';played without changing- meter settings
Juetween %amples. Exceptions were noises 1 and 2
for which the gain oif the (;R meter was intreased
In~ 20 and 10 dil (decibeisi. respectiv-ely, to cora-
l'tnsoate for the de-eniphasis of low frequencies in
this meter -e! to --A" weiightii. No attempt was
isiade to make the three meters agree ont any single
flw)L'e or rzet of noises. The meters inere, in fact, ad-
ju,ted to read differently-. se as to minimize the
poss4ibility of esimnationis made on one met,!r in-
fluencixag estimations mnade on another merter.

To enable subjects to hear the noise at the same
Fi. I 3rcei a" Kjie medt 2409 Voier. time they were reading the level on a meter. the

I'OL-e samples were reproduced over an extended
rectified circuitry. Finzimn- %hostw ni trace-s range loudsipeaker system at a comfortably loud
!wad'- wil th a lke-lev. r'-imuhr aiin- to, ,-iim- leve- All subjects were emplio-- of the 'Nary
late the rv hIous-e if the It & K mieter, ixe.. 11 damnp. Electronics lAboratory, and all had considerable
ing. r-reak readiag This. figrure sAiow, that ;I.- of tcxperienrr in rraulimir many types of weiers.
the noise-, varied reiatively little in level. sot,-e Each subject served in three test sessici-one
varied moderately. and a few varied mnarkedly in an each of three days. During each test se=zL.i each
level. Each ti-ace £i-pr-ents a time interv-al of s~tbjeet made a-- estimiation of the average level of
silihtly more than 13 rrt. --z that one complete- each -o iube t;oisze samples on each of the three me-
eycle of the longest iioise- sa-niple (11) -o;.ld be t--s (lbn~oise7 times 3 mieters equals-48 judgments,'
displayed. seo !on )- Th, swplice of meter presentation versus

The meterz. were connected to the output of a subjects was cozuiteirialanced over the three ses-
tap,- reproducer with the signal fed into the GR siolis

son-level meter v-ia the Iirpon'onmtr rparatory to the first !--t session. the noise
The recorded level of each of the no~ise samiples Ivs samiples were played through tz-viee wa acquaint the
ais far a-% lxtuNiblc adjust'-d ' n allow the I11 sartipie,' subjeet-, with the novises. meters, and tetst proce-

1 4

t T~~Mate? mantm r e

F.5- Fovtt keyd h.ozip of the 16 3ze ius

SOUND J*1-Awasr 1963 27



1Il"S Made414 oiI eachI of me'' ~ter 'ls. Eiwi 1411 k*l

~ H: ia. from iii (dii al iiii o).i,+o. Tnii
4- b(.1%, andt abbIi'viiat iolis 'wross tile biottomi of the

BSK figure identify tile noise sainples. (see Tablie 11).
Th'le bars for mach sioise are arratieed with 0-~e
most highly damped meter I1IP) to the left, the

2 iterineziately damped iieter (GR.) in the center,.
and the( least damiped meter (B & K) to the rilght.

and 11 excluded) tile standard deviation of estnma.
0 tonl is less than 0.5 (M and the rangec is 2 dis or

less.
2 Anl am:'tysis of variance was made on the data

obtained with all If. noises and also with the data

two anlvses at the 1%o !evei of co)nfidence were the
rggVyLNf name. Althet-gh ail mair variables (Noises, 'Metirs,

MUOL ENG -GDb &SR BWFAEA ,S +D qt level, ail examinatio. of tile 8tandard devilations
WJML

Fig. 6. Standird deviamens and -anges of estimatio'is shown in Fig. 6 indicates that the total variability
made by 9 observess on tcc of khrat Oar. from trials and subjects is ill actuality very smAl.

dures. In each test session tile subject was in- Discuassion
structed to write down for each noise sample a For 14 of the 16 noises thme range of estimations
~;ingle tiumber, representing his best estimate of is 2 dB or less and the standard deviation is less
the average level of thle sample. St~b~ects were told than )i.-) dB. Considering that several of the noise
to observe the pointer positionl dnring time entire sainples eor'ain wide variations in level, the agree-
time tile salmple was being presented and to obtain inelit amiong 27 estimates (nine subjects onl three
estilllat:ons bly using all ''arithmretic-averaging " different days) is surprisingly good.
procedure. Thus, according to instructions, if the Alhghtehre etsdifedna sto
pointer deflection was "2" for A the time and characteristics which might bc expected to affect
''8'' for A the time, time desired single-number the estimations (damping. frequency response. ar-
iivera--e readilg would be ''5.0.'' If thle deflectioi! mangelnent of scales, size. an~d liuluber of scale di-
ws""r0%of the time, h eie r aid w 8"t for 7.4% visions, etc.), there appear.4 to be no dlear-cut ad-

of hetieth dsiedredig oul e".. vantage inl using one mecter ill preference to another
It was ap~parenlt that time subjects wvould not be except fo)r nloises 6 and 1]. For these two noises the

able to perforim eonlpitations like tllo.;c illastrated heavily damued meter (11P) produced tlii smallest
in thle limlited time available (luring and betwee' dispersionl of estimations.
noise sam pies. The imstruetiolls about Pveragin"t Thie obtained standard (deviationls andc ranges ont
were -ivell to insulre that Am subjects started with iloi-ses 6 and 11 were two te three times larger tihan
tile samne orientation anid ill the hope that, altihough for thme other 14 noi.%es. Clearly tile ability of the
spiecific instrultioln5 could( not, be followed, the sulilleets to agree 0il 'inle-level estimations is lint-
general pililosophy wold lie adhleredl to. itedl. It shlould he nu~-d th~at strong: objections were

Subjects were instructed to read only tile decibel v'oied( by inost of tile sub~jects about makinlg tile
sc-ales 01, tile nieters and( to make estinmations to thle
ilearest 0.1 dBli W. never possible. Only numbers reqiuired singe-nuiber estimnationl 011 noises 6 and

ii. They felt that these twvo nomace samnples were
('orespn~lng t thse n th mee,'scals wre made up of several distinctly different components

r-corded. sillee. with tile meters dheliberately thrown adsolteeoe ae e siae]i em
olit ocair til te absolulte values had omen of two or more separate levels. Sample 6, tile powver
ilO!. Before eachl of the test sessions, the stability sier osse faIule ~sio hr

of te plybak ~md mter 3'scm ws cecke. n,,gs" ill a sulstainedl. low-Zrequetiey background
vonsan -.es inise lyimi ofereorlezlsil waehan:-02dB of ilotor noise while salmple 11, tie arresting gear

i'oistntlevl nis sinas wre es thn ~0. ~i noise, conlsisted )f low-frequency niolor and ship
-is measulredl withi a ingle observer readling a pre- noise, a slhriel: changing in amplitude and fre-

('15111 votmete. (pelley, an~d at single short duration ' hang." Sub-
Results .jeets felt thecy we're able to estimate tile t level of

Fig-ure 6 shows, ill histograml form, tile standard (;elh comiponlent in thesec noi;;es with a reasollablc
(deviationi and~ ranige of estimantions for eavih of 16 'lcgree of avvlravy bill; -ouild nlot aasc-;Ice1rateiv
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tli Pj,1. 1t.Oi4 mr-m-ntpr' e!-r! s .... isi :tk- a t" z-!..!v-trnine.d. 1!1 Ow
sel'is mnsr iid ''shiks.- ieAsiuriient of no'ise in t-lt'et riv I vsteiis tilt- sa-

...... 7 Htn-- - I . ' 8i

ebtilitute thle average ji Ase level b .erk-ing thet IiIvttrlej tI~eo etsi izzSP t pi
poii~ter defkCefioir on a time-waighted basis. This nautn xamipliiig procedure cannot always be clearly
p~rocedure was used, because the instr,,,ttions are sp)eified or followed, and, in such eases, the meas-
relatively easy to follow and thle prvcedw-e is, uremuent technique error ean easily be several times
fact, one that is commonly naed in iwisc-levtl read- ti humning.~~~il It.shullb tht uc a error zttributable to thc measuring

in Itshuldberlecognized thtsc naveraging instrumnt.
proceduare does not result in an accu-'ate estimation Thle data in this experiment suggest that the
of the true sound-pressure level, ea-pecially wilen erocntiudbyt m erbsvrp vdd
tile levels bein- combined differ substantially. errcotiudbytem erbsrrpvddMesrmns ftelve fanis aewt the averaging proe.zdure is specified, is small enough
it moving-coil meter are subject to erro:' froyll dto goei otn os esrmn
least three sources- (1) the mneter, itself; (2) the i tvu oliceswt ,,tfit icir r

mesuemnttehnqu -nd(3) variability obis available for measuring the rins level of noise. Provided
"roil. the observer. It is of intereitt to speculate the noise being measured doea not have an extreme peak
abot ihe prob~able magnitude of these crrors, It ?o rniji ratio or 6s not t-xtrensidv short it, -luration, such

mzters are accarate to within perhaps ±0.5 dB. Tmeis diffi-ult to estimate the error attributable to coyventicoal voltmeter and VU meter, calibratcd in
meters becaun-e of differenpes in the precision and ternms of the rms of a stine wave but aetuvsLy responding
circuitry of meters in current use and becnuse the to the average value or signals, may deviate mnrkedly

erro ina *from true rmns when used to measure noise signals. See
errr i amoving coil meter is dep~rident uponI B. 'M. Oliver, Helett-Packard .1. 12, No. 7. 1-4

the characteristics of the noise being measured. If (1901); E. &. Gross, Gehneral lh'dio Company Experi-
the desired quantity is the true rm"n. level, it is un- ineuiter 32, No. 1;, 3-9 (1958); C. G. Wabrnan, Bruel

and Kj-aer Teedi. Rev. No. 3, 9-21 (1958); Janies .likely that commercially available meters in ordi- Davidson, "Average vs. RMS meters for Measuring
nary use will be more accurate than =L 0.5 dB and Nois."" IRE Tran-4. on Audio, No. 4 (1961) and F.

wel hefro 1 o 5dB r mre n eroron . Teeanxn and J. Al. Pettit. Electronic Measpirenmesfsmay wlbefotIt5dBomoeieroon (McGraw-Hill Book Company, Inc., _New York, 1952).
certain noises?1 Errors attributable to measurement 21n4 ell.. Clhap. 1.

TABLE II. Description of the 16 noise samples.

Ma.2cinum
change in Duration of

level in dB sample
Name Description (from Fig. 5) in see

1. Ship Rumble Primarily very low-frequency ship rumble 6 15
2. Grab engine Ele':trical motor of large size with strong low-frequency 4 35

..-mi-like c-omponents

.3. Blower Low-frequency blower noise recorded aboard ship 6 9
4. Th-~mat noige, -6 dl Low frequencies predominant 4 10

per octave slope

5. Blower and hull Low-frequency rumble and machine noise Ci 10
G. Pon er shear Hydraulic pewer, shear cutting metal, includies clang of 19 29

sheet metal dropping to floor
7. Ge'nerator Shipboard generutor usitih 'Ibine !tnd low-frequency 4 26

components
S. Compressor Refrigerator compressor with rhythmic sound 5 15
9. Voice babble 5 pairs of communicators exchanging monosyllabic words 21 31

10. Thermal noise, flat Wide-band hiss 3i 9
11. Arresting gear Noise recorded in arresting gear room of airersft carrier 21 44

has rtmmbb * shriek, bang, and roar components
12. Enginet room Complex machinery noise wide band 612
1:3. Air grinder Air-driven grinder on metal sheet; high pitched "dental 11 W0

drill" sound
14. Typewriter Typewriter operated at 40-60 words per mirute--etrong 221 28

in high frequency components
15. Thermal noise +G dB High-frequency hiss 3 9

per octahe slope
16. Jet idle Jet engine on flight derk of carrier-hias strong whine 7 26

components
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V Articulation Index and Average Curve-Fitting Methods
of Predicting Speech Interference

J. C. WEBSTER Am]) R. G. Kixup'

U. S. Narzy II Jtronics Laboralory, San Diego, California
(Received 3 Mi.rch 1963)

Sixteen equally speech-interfering noises were rated by using articulation index (AT) caiculations and by
using noise criteria (NC)-type contours as averaging, not peak-finding, devices. Articulation-index scores
based on 5 o- 6 weighted octave-band levels were equal to Al scores obtained by the 20-band method and
predicted ve~ry well that the noises were equally spech-interfering. The use of NC-type curv-es (irom 500 to
2000 cps) to find an average, not a peak, noise level also gave good predictin. Equally speech-interfering
noises were not, however, equally "loud," nor equally "noisy." There wa, evidence to show that the fre-I quency that divided noise-masked spech into two equally intelligible frequency regions was 8350 or 1000
cps, andm was not 1700 or 1900 cps, which is the dividing frequency when the speech in quiet is progressively
restricted in bandwidth by high- or low-passed filtering.

INTRODUCTION ent bandwidths. This S-INI difference in dB carn range
N tw ealie paers'- 2 methds f masuingthe from zero to 30, since no negative values are allowed,

N two s eeh-irerec p opermtes of 16diesreg the and all %values greater than 30 are called 30. S-.N,, from
werecdiscussed.eThe gnlproeo1d vrase thatse6 200 to 6800 cps, can be calculated in 20 bands, varying

noises were adjusted in level so that listeners hearing i adit;o ntidotv ad;o notv
monosyllabic (rhy-me) words at a constant level via a bands. Regardless of how many bands are used, an
loudspeaker obtained 50% word-intelligibilit y scores. average S-'N- in dB (between 0 and 30) is found and
Then various physical or psychophyvsical measurements divided by 30 to get a number from 0 to 1 which isI.were made on the 16 noises reproduced at the equally called the articulation index. For further background

speeh-itererig lvel. Mai~-meaureent an/or information on Al, see Licklider and 'Miller" for history

calculations were not reported in the two prev-ious and rationale, Hawley and Kryter'frdtiso
papes bcaue () oly imitd pesetaton imeand use, Licklider! for a critical review of the assumnptions

space were available,' and (2) only simple schemes were involved, and Kryter3.- for recent modifications, re-
under study.2  finements, and revalidation.

This paper will deal with the articulation index (Al), In this paper it will be desirable to compare the Al
the use of tangent-to-curve contours as an averaging -esults to measures from Refs. I and 2 always meas-
method, and will discuss the common spectral character-

- ~ istics of the noises. ~J. C. R. Lit-klierand G. A. Miller, in Handbook of Xpei-lt
Psychology, edited by S. S. Stevens (John Wiley & Sons, Inc-, New
York, 1951), Chap 26, pp. 1055-1058.

L. ARTICULATION INDEX 4 M. E. Hawley and K. D. Kr-ter, "Effects of.Noise on Srr-ech,"

The I ivolvs te diferncein lvel beteenthe in 1Handbook of Noise Control, edited by C. N1. Harris (VN1cGraw-
The l ivoles he iffrene i leelsbeteenthe Hill Book Company, Inc., New York, 1957), Chap. 9, pp. 9-5S

speech spectrum and the various noise spectra in differ- to 9-il.
4 J. C. R. Licklider. 'T7hree Auditor- Theories." in Psychogoy:

-~ A Stu~dy of a Science. Sludy 1, Corce;$Iual and SYsTtematic. I'd. lz
IR. G. Klumpp and J. C. Webster, "Predicting Spe-ech Inter- --nsory. Perceptual and Physiological Form.ulation, e-dited by

fercnce ftom Phy-sical ar.1 Psychophysical Measures of Ambient Koch (McGra-Hill Book Company. Inc.. New York. 1959).INoise," J. Acoust. Sec- Ami. 35, 1116(A) (1963). ' K. D. Kryter, " Methods for zhe Calculation and Use of the
SR. G. Klumpp and J. C. Wcbster, "Physical Measurements of Articulation Index." J. Acoast. Soc. Am. 34, 1689-1697 (10e2).Equally, Speech-Interfering Navy Noises." J. Acoust Soc. Am. K.D rtr Vliaino h icula;tiorz Index," J.

35, 1328 (1963). Aos. Soc. Amn. 34, 1698-72(16)
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Fin. 1. Articulation index (Al) calculations for 16 equally speech-interffering no7ses. Thz ordinate is theAl (right) or the average s;eech-
to-anise Jifference over 20 eaually impnpfant speech bands or over 5 to 6 octavres (left). The ordinate increases in a positive direction

dw-adso tlhe Al data will be complmdb.'e with Al other data (SIL, weighti:n. netwrorik, etc.) measured in this paper and in Ref.7.
That is, the higher the data pciztis, thc noiser the noise is rated.

Four differcrt speech le-vels were zied to make theM .Al culationas, the *.%cu; level used and Ievels at -- 10, +i10, and +20. Ooc~r
cird,; mean that S-N levels greater than 30 or !.ess than zero never occurred. All lnes are Al figurred on the 20-hand method. The
shading around the "actual level" line indicatets the differe=c between using the actual or spmxific speech spo~trum or a generalized
speech spectra both on the &,octave wegbted method of catculatin (from. Ref. 2). T1'e data Poits aror'nd tl'e +110 line indicate the
5-octave (A) or the 6-octave (--) method of calculation at a speech level of +10. 1 he shaded area at the right end of the +10) ;ine
shows the difference between limiting the AI speech-to-noise ratios to between 0 and 30 (lower boundary) or litti-ig the speech-to-noise
ratios take on any + or - value (open circles and upper edge of boundary).

ued in dB, so the Al will be left in terms of average speech-level line are foz the 5-octave and 6-octave cal-
S-N. Although it is not always possible to compare culation schemes, respectively.
Al's directly to SIL's, it is possible in this study because A circle on any of the lines means that in none of the
the speech level was constant for all 16 noises, the 20 bands did th S-N trurncate at 0 or 30 dB. If each
distance between loudspeaker and listener was fixed, line had nothing but these: circles, the lines would he
and all lisiening was done in the same room. Since the exactly 10 dB apart. Because of these truncations, how-
speech level and sneech spectrum were always the same, ever, on very few noises are the lines exactly- 10 dB
the Ml for each noise depends on the noise spectrum and apart. There is no line that is free of truncations coin-

leve jus asthe it des.plete. The "+10" line truncates only on noises 13
Figure 1 shows the results of Al calculations using the through 16, and for the-se noises thc true (truncated)

16 noise spectra from Figs. 1 through 16 ir, Ref. 2. The AI values are shown as the bottom edge of the shaded
speech spectrum used for all but one calculation is the portion. The line and circles for noises 13 through 16 on
"general speech spectrum" from Ref. 6. The solid and the "+10" line are the vallues that the AI would have
dashed lines show AI's calculated on the 20-band assumed if the 0- to 30-dB limitations -had not been
metSod, using the octave-band spectral data from Ref. adhered to.
2 as the basis for the noise spectra, and using ior the The noises in this expi.riment -were adjusted in level
speech the ",general speech spectrum." The heavy solid to limit listeners' scores on rhyme words to 50%.. The
line betwee! 0 and 10 dB (or 0 and 0.33 AD) is the Al argeZ Al ior a 500%,r -rhyme- score is 5.4 dB or 0.18
calculation bedothe "actual levzl" of speech used (averaged over the 16 noises on the "actual level" line
in this experiment. The lighter l1ines are for speech of Fig. 1). Montaguel -shows that a 509o rhyme score is
levels =010 dB from "actual," and the dashed line is equivalent to a 40%/' Y3 word Score, and Kryter6 finds
for an assurned speech level +20 dB above the level that a 4050 PB score is predicted by an Al of 0.17. At
actually used. this low differential level of Speech to noise (5.4 dB),

The shaded area around the "actual level" line shows many bands% (of the 20) on many noises (of the 16)1 show
what the Al is when the 6-octave-band method is used negative S-.N diff-erences. These negative values are
instead of the 20-band method. The upper edge is when called zero, and, because oi the preponderance of these
the "specific speech spectrum" and the "aL:1a.! level" truncated bands at the zu-o level, the "actual level",
as used in t.his experiment are used. The lower boundary line is quite horizontai in appearance. Actually, on onl.
is when the "general speech spectrum" is used with th'e
6-octave method. 0 W. E. Montague, "A Comparison of Five Intelligibility Tests-

for Voic Co-.minicatiou Sys~ems . avElec!ronics Lahorntori-
The triangles and the dotted line around the +10" Repot 77. PR1 157-229. A:D 254-545 (006).



PREDICTING SPEECH INTFRvERENCE -.U

3 of the 16 noises (those indicated by the open circles)
do all values for all 20 bands fall above zero (and less /
than :0). All other noises truncate or, at least one band. '." ,-

It is only when a speech level 10 dB greate: than that
aciually used is the basis of the calculation that trunca- 
tion within the t- to 30-dB range is largely avoided.
When a speech level 20 dB greater than the level - , . --- . "
actually used in these experim.ents is used as the basis of
calculation, tr.ncations oc'ur wher S-N values of FIG. 2. Loudness (in phons) and noisiness (in PNDr of

gieater than 30 must be called 30. This occurs on ali 16 equally specch-interfering noises.

noises except noises II and 12.
In summaty, in regard to speech level: There is no

level of sech (in the 10 dB steps chosen in this study) condu- on of Krt-ter, Fanagan. tnd Willinms' that "the
where all 20 bands in all 16 aoises are within the 0- to -- octave band method for the calculation of Al can be
dB acceptable rnge. Uslng the "+10" level of speech used in place of the more detailed 20-band r.ethod

and allowing the values to go negative (or exceed 30), without any appreciable loss in the accuracy with
a rating of the noies that is independent of the0-to 30- which speech intelligibility test scores are predicted."
dB range reults. This is no longer a true Al clcuation, It would also appear that, for comparative purposes, a

but it dces give a spe-.ech-interference measure on a nois general speech spectrum is nearly as useful as the specific

spectr -m by utilizing the speech spectrum. The true speec spectrum in calculating the Al.
AI takes into account both the speech spectrum and the
0- to 30-dB S-N range. If the speech level is progre- IL "LOUDNESS" AND "NOISINESS"
sively decreased, the AI rates the noises progressively Are noises that are equally speech-interfering equally
more equal i. speech interference until, of course, all loud or equally nois'? The literature abounds in
noises mask out speech completely, at which point all methods of calcllating loudness. 0-" and a concept of
noises are indeed equally speech-interfering, perceived noisiness, 2 measured in noys and possibly

None of the calculations shown in Fig. 1 include any related to annoyance. has recently been formulated. The
of the spread of masking corrections detailed byKryter.' loudness and noisiness of these 16 equaly speech-
This is because at the levels of noise used in these cal- interfering noises have been determined by use of the
culations there is essentially no spread of masking. For Mark 6 loudness contours of Stevens, 0 and Kryter's
example, on noises 1 and 2 the maximum level in the revised novs _,ontours,13 and are plotted in Fig. 2.
octave around 200 cps is 90 dB. When this is converted The curves in Fig. 2 show that equally speech-
to spectrum level, it is reduced to 67 dB and the upward interfering noises are neither equally loud nor equally
spread of masking is for only 150 cps, and then it falls noisy. In fact, the relative rankings among the 16 noises
off at 25 dB per octave (Table IV, Ref. 6). This cor- are rated by loudness or noys methods almost as they
rection would at most affect only the lowest of the were in Ref. 2 by the NCA curves."4 The 16 noises are,
20 bands and then by less than 5 dB. The total correc- however, noted to be about 12 dB higher in phons and
tion in the 20-band average would then be a quarter of a 15 dB higher in PNDB than by the XCA contours.
dB which is not distinguishable on plots such as Fig. I. The NCA rating is determined by the highest peak

However, the Al, even without the correction for in a noise spectrum that touches an NCA contour. Both
upward masking, does a good job of specifying that the phon and PNDB calculations give maximum weight
these 16 noises, adjusted in level to be equally speech- to the highest noie peak but also add in a fraction of
interfering, are indeed equally speech-interfering. Al- all lower levels all along the frequency spectrum. It
though no table of scores and standard de-,iations will might be expected therefore that the loudness or noisi-
be included in this paper, as was done in Ref. 2, the ness of these 16 equally speech-interfering noises would
standard deviation of the AI calculated by the weighted be more nearly equal than the NCA ratings because
octave-band-level method and using the "general speech
spectrum" was 2.4 based on the 16 noises (or 2.1 using K. D. Kryter, G. Flanagan, and C. Williams, "A Test cf the

20 Ban3 and Octave Band .Methods of Computing tbc Articulation
the 33 weighting of Ref. 2). This makes the AI almost Index," Bolt Be.anek and Newman Inc., Contr. i3SAFI9(604)-
identical to the best rating method, the 300-2400-cps 4061, Rept. ESU-TDR-62-4 (1961).
speech-interference level (SIL) of Ref. 2. And when the I S. S. Steven.% "Procedure for Calculating Loudness: Mark

V1," J. Acoust. Soc. Am. 33, 1577-1585 (1961).
20-band Al of tue "specific speech spectrum" wa used, "E. Znicker, "Ein Vcrfahren var Berechnung der Lautstixkc,"

the Al had a slightly lower standard deviation; namely, Acustica 10, 34-308 (1960).
n K. D. Kn-tcr, "The Meaning and Measurement of Perceived

1.7. Noise Level." Noise Control 6, No. 5, 12-27 (1960).
The data in Fig. 1, therefore, tend to support Kry- 3 'K. D. Kryter (personal communication); also shown as an

ter's7 latest evidence in that they "... amply demon- appendix (Fig. A.1) in J. T. Broch. "Loudness E-aluaion,"
tvalidity of he A calculated by the Brud & Kjaer Tech. Rev. No. 2 (1962).

strate the general vL. L. Beranek, "Reviscd Criteria for Noi-e in Buildings."
20-band method .... The data also tend to support the Noise Control 3, No. 1. 19-27 (1957).
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'**" f 9- C. is--st of the NCA-70, 1S0.70, NC-70, the 10 sone, and the 10
110 nvs ae all within 5 dil of each other through this

* -i 72; ISO, 71; NC, 72; 10-ste 3ad10ny,7 B
2NC-70 Ith follows then that any of the above families oi con-

I tours would give consider.biy better (lower dispersion)-Coo ndrne0 ~ratings on the 16 equally speech -iterfering noises if
NG restrcted to the 500. 2000-pan

a __ that any one curve would b*- nearly as good as any other.
X soIn Ref. 2 only the ISO was used in the restricted range

z a ONE but any other one wou..ld have wet ked as well.
_j- However, restricting the range on the contours while

>i continuin-g to use the tangent-to-curve method does notI I describe the speech-interffering properties of the 16
z noises as well as the 500-, 1000-, and 2000-cps SIL or the4 " actual level" AI.

I made if, instead of fitting the peaks of noise spectra to
_____ ti osbeta ee etrpeitoscudb

'~amilies of curves, some sort of averaging or integration:
40 coul take plc.Frexample, separate readings can be

tooUNC 1NCYLE PR CN made of where the ISO, NCA, or noys contours, at the
points 500, 1000, and 2000 cps, become tangent to the

FIG. 3. Plot of the NC-A4O. 150470. XC.70, noise spectra, and an average of these three readings
10 nors and 8Ssone con' cutrs. taken; or another way of arriving at the same rating

is by 'visual aver-agin._ To accomplish this the curve,
so-me account is taken Of noise levels other than the say, the 150-70, is fitted over the 16 noise spectr sibch
highest peak. And, in fact, there is a slight reduction in that the best v-isual average is obtaiined (half the sp~ec-
the dispersion of scores: namely, from a standar-d devia- trum lies above and half below the ISO-70 cur~ve).
tion o1 5.2 for the INCA rating (Table 2, Ref. 2) to When this average fit is obtained, the point where the
4.8 for both the phion and P.NDB curves. However, this 70-dB ordinate in the ISO curve intersects the ordinate
small amount of leveling does not appreciably change on the noise spectra is the desired rating. This is roughly
the shape. It still must be stated that rating noises by equivalent to makng an SIL calctilation; the difference
undue regard to the highest peak that touches a family is that the contours are not flat through these three
of noise- (or loudness- ) rating contours is not a good octaves, it is therefore not surprising to note in Fig. 4
method of describing the speech-interfering properties that the results of averaging the IS0-70 contour through
of said noises& the 16 noise spectra are v.irtualiv initnusal from

the 3-band preferred-ziequency SIL (500, 1000, and
IMI AVERAGE CUIRVE-FITTING TECHNIQUES 2000 cps) replotted from Ref. 2. And the standard de-

In Ref. 2 it was observed tha' fitting the peaks of vitsaeas'o uaat28
plote nis secratofailis f C, NA, ad It1 would appear from these resulLs that a better way

ploted ois spctr tofamlie ofINC" NA,1 an touse -NC, NCA, or ISO contours to rate the speech-ISO"5 curves was not a good way- to rate these noises as interfering promerties of noise would be to find the
being equally speech-interfering. And in Sec. 11 of thisZ- loetC.ertwcuv htacac dtevrain
paper, it was observed that loudness 0 or novs'3 cal- in th2nis
culations were not much better. However, it has be-en i h os pcrma 0,10,ad20 p n

sbown'-2 that by using only die portion of the (ISO)
curves that were in the speech region, say, those -- --- ---

octaves centered at 300, 1000, and 2000 cps, a great .- .-.----

improvement resulted.- - TN
It should also be noted that if only those parts of the .

contours centered on the octaves at 300, 1000, and 2000- -- -

cps are used, the families of contours are not radically-.- 0 2

different. Note, for example, in Fig. 3, that the contours
Fac. 4. Sipcsch interference [IS0(R)AVE] brasd or avera inz

'These International Standards Organizatirn curves appear in thc midfrequenc% region (300. !000, and 2 ) c_-),) o-. the !SO
drafts of Tech- Comm. 43 (sec footnote 17 in Ref. 2). but arc also contours throug~h the 16 equally zpehitreing -ace Sect ra.
published -trith instructioms on their use by J. li. Janssen. "~Some Plotted from Rd. 2 for comparison: the SIT. (.300-, 1000M, and
Acoustkcal Propertlies af 51ips wvith Rz-spect to \eisc Control. 2000 -cps 3-band average) as open circles, and as triangles the AT
Part I," ReportI No. 41IS of Netherlands' Rcsearch Centre TX.0. (general speecxh spectrum. actual level. and on octave-band basis)
,or Shipbuilding awl' Navigation, PDeft, The Netherlands (1962). arbitrarily set equal on noise X.1 tcml a os)

-1 -a -o 10 (tc l fla noise).
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not, as presently used, detennine the lowest noise- , CT P I-,=_,,ERtSECO&O

rating curve just not ercecded by the plotted noise spec- t 2O " - --0 . x - -- :

trum. In other words. average out any noise peaks; z ,2.3.-.-.2

don't let the highest noise peak determine the rating. 5 :oi --

IV. COMMON SPECTRAL CHARACTERISTICS _j -,

Many of the results of this study point to a re-exanin- .
at ion of the "most umpc'rtant speech frequency." For -
example, the SIL that uredicted these data best was
the 300-2400-cps average,- or the 3-band preferred- o
frequency octaves centered at 300, 1000, and 20(X cps, . 'T T
and not the more conventional 603-4800-cps average. -,5-
Likewise, the A! weighted the low frequencies too little -_" o0__
anti the high frequencies too much. And when tangent- - - -,.

to-cu ve nethods or average curve-fitting methods ere
restricted to the three octaves centered around 1000 cps,
they predicted much better. These data tend to imply
that the lower-fre.ency components of the masking -o . ' -
noises are more important than other investigators have 13D =) 0
thought them to be. M--,,.1f-W-CYCWLS niR SECco %

For exanple: French and Steinberg,"- using speech F;o. 5- Rats (tp)and ave-j-es (bottomn of 4 ty-pes of nose

in the quiet and normal listeners, progre-sively high- specz= all adj u-cd in !-cd to be q=1) -x-_--intfcezin;. (Add
and, later, lo-vpass filtered the speech until it became 3.1 dB to c,14ain octate-band le -)

progressively less intelligible. They found that speech
was equally deterioratc4 when all frequencies either spectra. This is roughly equivalent to measuring the
above or below 1900 cps were filtered out; i.e., the electrical voltage across the transducer ins-tead of the
frequency range above 1900 cps was as important as the acoustical output Tni. procedure in no way changes
frequency range below 1900 cps. Beranek,"; using male any of the interrelationships among the noises. it only
voices only, found the crossover frequency to be 1700 aisigns a value of 0 dB in each octave to the fla, noise
under the same quiet-filtered-speech conditions. spectrum and plots all others relative to this.

However, Pollack"* redid the filtered-speech intel- The noise spectra in Fig. 5 are ploted in groups: at
ligibility studles, but added a broadband noise back- the top are the envelopes of spectra of noises 1 through
gromd and vaei the level of the speech. He found 5and 12 (Figs. 1through5, and 12ofRef 2).Thatis, a
that the crossover (or equal importance) frequency in- curve is dran through the highet level at each octave

creased from 800 cps for low levels of speech through of an%- of the 6 noises. A similar curve is drawn through
1010, 1300, 1430, to 1620 cps for increases of 10 dB in the lowest level assumed by any of these noises. The
the speech level. envelope at the top of Fig. 5 encompasses therefore the

D'er19 did the reverse of Pollack: namely, he filtered tota! ranve assumed by any of the low-frequencq. noise-
the noise around a broadband speech sienal and found, between the frequency limits of 250 and 2000 cpa.
like Pollack, that as the sneech-to-noise differential i- Simiiary, the envelopes of noises 6. 7 and 8 are
creased the crossover frequency increa..ed from about plotted and sow a much smaller dispersion. The plotted
1000 cps to almost 2000 cpa. A crossover frequency envelopes of noises 9, 10, 1!, 13, and 14 are slightly up-
can also be found from Klumpp and Webster data sioped. Noise 15 is plotted by iLself since it is the only
and Ls shown in Fig. 5. To arrive at Fig. 5, the spectrum noise which is predominantly a high-frequency noise
of Fig. 10 (Ref. 2) was subtracte~d from t. spectra of The jet noise is not plotted since it is unduly influenced
Figs. I to 9 and 11 to 15. This amounts to taking out by the single frequency components at .300 cps and
the characteristics of the playback sstem by subtract- aove.
ing the flat thermal noise spectrum from all other At the bottom of Fig. 5 is the average spectrum of the

three types of noise envelopes, together xith the one
N. R. French and J. C_ Steinbtv. "F.ctors Govrninz the prxdominantiy high-frequency noise spectra- Observe in

Intelliib'ilit'of ch Soun.L" J' Ac°usSoc. Am. 19"90-19 Fig. S that both the predominantly high- and low-
(1947).

I- L L. Be-ranck. "Desi-n of Sp ch Communicati-3 Systems." frequency noise spectra and the slightly high- and
Proc. IRE 35. SO-S90 (1947. low-frequency noise spectra cross each othe; at about

% 1 . P o a . " E ff e c ts o .H i gh Pa & , a n d 1 o4 , P - , F il tr in z o n
the Intullizbi'lity of Spwcch "n Nois-." J. Atou t Soc. Am. 20, . c0
2-9-266 (1948). Kr-t-r- also has some daa of spech masked by noise

I' W_ R. Dver. -The Maskingz oi Sxch I" Himh- and Low-Pass i -
Nise," Tech. Document Rq.t. No. RADC-TDR-62-24S. Ro- which, whcn replotzed, show a -ow crosover frraurncv.
A;r DeveloprrZKt Center (1962). For example, if, instead of plotting the noise spectra of
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Fig. 2 in Pe.t 7 to be equal in over-all le-cl (reaesured SUMMARY 4

by the C or flat weighting network of an SLM), it is This paper has examined ways in which 16 noises
possible to plot them at levels which are equiy adjusted in !eve to be equal- speech-interering can
interfering. This is possbt by utilizig the informationpob ube rated by AI and average curve-fitting lnetheds. It
in Fig. 3 of Ref. 7, which shows the speech-to-(ver-all is a continuation of a companion papee in which simpler
level of) noise ratio for given word scores ia the four plwsical rating or measuring schemes were evaluated.noipcs of Fig. 2 riRef. 7 . Fore asequal word ser of,asayino e f i.2(e/ ) ora qa wr :e f a; In this paper it was found that Al procedures arc60 %, the relative levels among noises can be found by good but oniy marginally better than the 5J-, 100-,
assuming a given l--vel of speech and noting that the and btoly rgSiL found best in Ref. It was also ob-
over-all level of noise A is 26 dB less than the speech served that the - or 6octave-band procedures are
le-el, noise B is 2 dB less, noise C is 21 dB l.ess and about as good as oe 2?0-band method, and thar a

noise D is 7 dB le; To show the levels at a'ich the generalized s.ec-l spectum wras almost as valid as the
noise spectra in Fig. 2 of Ref. 6 are equally qPe ec ize speech petrum for co tias valastin

interfering (at 60W ), the noise spectrun can be re- ao e I tr ro .ie o
plotted such that, with respect to noise A, nose B is The 1 e n
reduced in over-all leve! by 24 dB, C by 5 dB, and D by e 16 equally ulp-ech-interfrdi-g noit s were nther
19 drB. If this is done, the spetrumn plots of ihe equali equal ld nor equally noisy. But tir svech-inter-speech-interfering noises intersect each other fereace value co.ld be predicted very well from familiesspechtering oises indterect e-a orbetween of NC, NCA, ISO (loudness or ns) curves if (I)
the 600-1200-cps octave and the 1200D-2409-cpis octave, only C o-.)cu~e i 1
or at roughly 1200 cps; the steeply sloped spectra below that :art of any of the curves that center on the

this at- say, 900 cps; and the gently sloped ones above octaves it i00, 100-, and 2000 cps is esd. and (2)th-

at, say, 1400 cps. curves "average through" spectral peaks and valleys
It appears threfore from the evidence of Pollackn The curve-fitting techn-ques do not work well if only

Dyer.k Eryter,7 and this study, that noise-ma-ked spectral peaks are allowed to touch them
speech has a crossover or importance frequency as much Exidence from this and other studies shows that al-
as an octave lower than the crossover frequencies of though the "importance frequency" for filtered speech
filtered speech in the quiet (French and Steinberg," in quiet is around 1700 or 1900 cps this "importance I
and Beranek). Both Pollack"and De-r3 show that the frequency" drops as much as an octave as the noise
frequency varies irom 800 or 1000 cps to 1600 or 2-00 masking iaeases, or, more precisely, as the S-N
cps as the speech-to-noise differential mcreases, differential decreases from, say, .30 to 5.

i



PSYCHOPHYSICAL MEASUREMENTS OF
EQUALLY SPEECH-INTERFERING NOISES

In Sections III and V of this report, methods of pre-
dicting the speech interference properties of 16 diverse
noises were discussed. The general procedure was that

1S noises were adjusted in levei so zhat listeners hearing
monosyllabic words at a constant level via a loudspealker
obtained 50 percent word intelligibility scores. Then ,ar-

ious physical measurements were made on the 16 noises
reproduced at the equally speech-interfering levels.

The results showed that, measuring the noise level
in octave bands and averaging those bands, the Speech intex -

ference Level concept was the best method if simplicity and
accuracy of prediction were both considered. iVetgh:ed
6-octave band Articulation Index calculatiens ivere slightly
better irn accuracy of prediction.

This section of the report details other techniques
of measurement.

Masked Threshold Spectra
Tn Sections III and V no Phnsi-a measurement was

presented that was completely satisfactory in specifying
that the 16 noises were equally speech-interfering. It was
believed that some procedure utilizing the properties of the
human ear might lead to better results, so in Section VI
some measurements are given that were obtained by utiliz-
ing the masking effects of the noises.

Three independent masked audiograms from each
of two experie-iced listeners were found for each of the 16
noises. A Pekesy audiometer, using pulsed, half-octave
bands of noise as the probe stimuli, was employed. The
half-octave probe stimuli from the Bekesy audiometer and
the 16 masking noises were fed into a single Lansing Iconic
loudspeaker situated in an acoustically treated room that
measured 7 feet by 10 feet by 9 feet. The listener sat one
meter away from the loudspeaker and for each of the I6
noises found, by means of an attenuator and a bracketing
technique, the level at which each of the half-octave bands
of noise centered at 125, 180, 250, 360...4000, and 5700 cls
was just harely audible.

The masking experiments reported in this section
were ccnlucted a year after the speech tests describled in
Section l, IV, and V, and it was not possible to reassem-
ble the same clectroacoustic system used in the speech
tests, nor to test ir. the same room. To minimize effects

VI-1



due to the characteristics of the new playback system and

test room, all masked-audiogram spectra 3re plotted as

dixferences from the flat, thermal noise (10). Figures

'I-1 to "IV-16 (except fig. Vi-1O) show these Irasked-audio-

gran-derived spectra. Also shown in figures VI-1 to \.7-9

anc VI-I1 to VI-16 are the differences from noise 10 of

third-octave band leels measured acoustically with the

General Radio Sound and Vbrat-on Analyzer, Type 1554A.

Likewise, the difference in octave levels of all noises from

the noise 10 are shown. The levels on which the octave-

level diifeznnce are based are taken from Section M.
Broadband :hresholds (the horizontal bars) are also plotted

in figures 17-1 to VI-9 and '1-ll to V'-16, but these will

be discussed in Section VI.
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HALF-OCTAVE MASKED AUDIOGRAM DATA (SHIP'S RUMBLE
MINUS THERMAL NOISE)
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Unlike figures VI-I to V.-9 and VI-Il to VI-16,
figure VI-10 is the actual spectrum of noise jO. Thp ,innr-

most curve is the octave-band spectrum. It is ta':en di-
rectly from figure 10, Section I1, and is therefore repre-

sentative of the level and the acoustic conditions (including

playback system and room acoustics) of the eoual-speech-

interference part of these studies. The next curve down is

the third-octave acoustic spectrum of the thermal noise as

used in the masked-audiogram part of these studies. A

different room from the previous testing room (smaller and

%ith shorter reverberation time), different playback equip-
ment (Altec Iconic loudspeaker), and a 10-dB lower sound

pressure level were utilized. The 'O-dB lower level was

used because of equipment limitations. The masked thresh-

old of half-octave bands of noise heard ;n the presence of

the level and spectrum of thermal noise depicted by the

third-octave analysis is shown by the solid squares.

These three spectra - the octave. third octave, and

masked threshold levels - are those used for the zero or

reference lines on figures VI-I to VI-9 and VI-11 to VI-16,

that is, on these figures, when octave level differences are

plotted, the octave level shown in figure VI-10 is the common

spectrum or zero reference line. When third-octave dif-
ference spectra are depicted in figures VI- I to VI-9 and

VI-11 to VI-16, the third octave spectrum on figure VI -10

is the common or referral spectrum. When half-octave

masked-thresholi differences are plotted, the zero refer-

ence is the masked threshold data plotted in figure VI-10.

The reason for utilizing the difference spectra in
figures V1-1 to VJ-9 and VI-11 to VI-16 was to equate out

of each of the 16 noises the amplitude vs frequency response
of the playback system (reco'der, loudspeaker, and room),

and thereby facilitate comparisons with the earlier studies.

As is evident in figure VI-1 0, the playback system had a

generally rising characteristic to 360 c/s, a dip at 500 c/s,

and a falling characteristic above 2500 c/s. But all 16
noises had this same relative response; therefore the use

of difference spectra essentially eliminates this as a source
of undue ccmplxity.

The bottom of figure VI-10 shows the spectrum
level of the therma noise, based on the third-ortave spec-

trum data. The difference between the masked threshold

data and the spectrum level data increases with rise in

frequency. i.e., from 20 to 30 dB between 250 to 5000

cycles. This difference, according to Hawkins and Stevens, 16

is somet4.-es taken as defining.., the critical bandwidth of

a masking noise. " They were concerned with pure tones

masked by white noise. whereas the present data concern

half-octave bands of noise masked by white n ise.

Greenwood, 1' in an extensive study of critical oandwidth,

used narrow bands of nise -is probes, but his no-ses were
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much narrower than half-octaves and his masker was pure
tones, not broadband noise. Greenwood's data on pure
tones agree, however, with Hawkins and Stevens. Perhaps
the similarity (of noise in noise) vs the distinctness (of
tones in noise), accounts for the 5-dB difference noted
between the two curves shown at the bottom of figure VI-lO.
However, differences in mode of presentation (earphone vs
loudspeaker), choice of method (adjustment vs Bekesy
audiometer), monaural vs binaural listening, or between
Hawkins and Stevens, the two subjects, and those of
Gr. eenwood, could contribute to the difference.

OCTAVE 3AND LEVEL FROM DAT; IN SECTION III
MASKEV THRESHOLD MEASURED iN HALF OCTAVES
THIRD-OCTAVE LEVEL
SPECTRUM LEVEL
BANDWIDTH (IN DB) OF HALF-OCTAVE BANDS OF NOISE IN-ThEiRMAL NOISE MASKED THRESHOLD DATA MINUS SPECTRUM LEVEL)
CRITICAL BANVAIDTH FOR PURE TONES IN NOISEII I

Figure VI-iC. System response
of thermal noise into loud-
speaker in sound-treated, but
non-anecho ic room:. This ,s
thi reference noise ro whichIn all other noises (fig. VI-i
to 9 and 11 to 16) are com.-

i ___ pared. No log amplitude-

MON time flat is shown but the
tire variation is just slight-

4 ly greater thon the trace

shown on figu-e VI-15. The
upper three black curves are
phusical measures. The spec-
trum level is calculated from
the third-octave data.
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EASURED IN OCTAVE BANDS
-- DIFFERENCE BETWEEN SHIP'S RUMBLE AND THERMAL NOISE

MEASURED IN THIRD OCTAVE BANDS
DIFFERENCES BETVEEN IASKED THRESHOLDS OF -NOISE

BANDS FOR SHIP'S RUMBLE AND THERMAL NOISE

HALF'Cf:rAVE PASS BANDS CIS
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4 1_ Figure YI-l!. Difference from
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-30 Arresting Gear. There are three
masked threshoie spectra, on~e

IS 2 b n =I w2 wP a for each of three levels of
- .',.I... . , ,.I i,'..i ' ' I ',r'-~ fluctuating noise.
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DIFFEPNCE BETWEEN SHIP'S RUMBL. AND THERMAL NOISE

ArASURED IN THIRD OCTAVE BANDS
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Figures VI-1 to VI-16 show that in general the half-
octave masking data (heavy solid line) are closely equivalent
to the third-octave filter data (grey line). There is not
a great deal of upward masking for- the noises with most of
the energy at low frequency shown in figures VI-1, VI-2,
VI-3, and 1.21-4. That is, the heavy solid line in these four
figures does not lie consistently above (nor to the right of)
the grey line. In figures V!-5, VI-6, and 1V-7, there
may be sone upward masking. Figure VI-15 shows the
reverse, a downward shift. The octave band data do not
always agree too well with either the third-octave phys-ical
data or the half-octave, masked-audiogra-n data. It should
be pointed out that the octave results are derived from
earlier data (Section III) where a different audio system was
used for reproducing the noises. The largest discrepancies
occur on the most fluctuating noises, Nos. 6, 9, 11, and 14.

Note that the half-octave masked threshold data
often level out the peaked spectra information shown in the
data derived from the third-octave filters (see Nos. 2, 6,
9, 11, 13, and 16). This is because the third-octave
filters ":see" everything within their passband, and peaks
(tonal components) result in high numerical readings. When
the listeners find the threshold for a half-octave band of
noise in the presence of these same peaks, they essentially
hear around the tonal components and base their threshold
on parts of the banded noise outside or beyond the peaked or
tonal components.

Broadband Masked Thresholds

Also shown in figures VI-l to VI-16 (except fig.

VI-10) are broadband-noise thresholds for eac noise. Four

broadband noises are used: 300 to 2400-, 300 to 4800-,
600 to 4800-, and 200 to 6800-c/s bands. As on all plots
in figures VI-I to 1-7-9 and VI- 11 to VI-16, these broad-
band thresholds are expressed as differences from the re-
specti-ve broadband th-esholds found for the thermal noise.
Although not plotted in figure VI-0, the broadband masked
thresholds in the presence of 72 dB of thermal noise were
65 d13 for the 300 to 2400-c/s band; 67 dB for the 300 to
4800- or 600 to 48&0-c/s band; and 68 dB for the 200 to
6800 band.

In figures V.'-I to VI-9 and VI-I i to VI-16 the
broadband thresholds, expressed as differences, are indi-
cated by horizt-atal ines that define the bandwidth of the
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band. As would be expected, the threshold for these broad-
bands of noise in the presence of predominantly low-fre-
quency noises is determined by the high-frequency cutoff
of the probe band noise. The threshold is successively
lower as the high-frequency cutoff of the probe noise band
is successively higher (noises and figures VI-1 to VI-6 and
to a lesser extent, noises and figures VI-9 and VI-12). For
the flatter spectrum noises (Nos. 7, 8, 11, 13, and 14),
the broadband thresholds are roughly equivalent regardless
of either high-or low-frequency cutoff. For the one clear-
cut, high-frequency noise (No. 15). the noise hands with the
lowest frequency cutoffs have the lowest thresholds. Note
that a line drawn through the upper cutoff frequencies of
the probe noise bands is roughly paraliel to the masking
noise spectra on the low-frequency noises. And conversely.
a line through the lower cutoff frequencies of the pulse noise
bands is parallel to the high-frequency masking noise spec-
trum in figure VI-15.

The question is posed as to whether the masked
thresholds of these broadband probe noises, which were
chosen to lie in the important speech frequency regions,
will give a measure of the speech-interfering properties
of the 16 masking noises. It is important to know how much
variation there is in the 300 to 2400-c/s band threshold
among the 16 noises. In columns I and 2 of table VI-I are
listed the number and names of ihe 16 noises. Column 3
is a weight that reflects an estimate of how often noises
of this twe would occur in larger samples of ship and
possibly industrial noises. Column 4 lists the 300 to
2400-c/s band thresholds as read diret-z!y from figures
VI-t to VI-16 (No. 10 is by definition zero since every
noise is compa--red to it). The mean and standard deviation
of these 16 numbers, the mean and standard deviation of the
33 numbers represented by three noises like No. i, one
like No. 2, five like No. 5, etc. ). and the extent of the
spread between the highest and lowest number (the range)
are listed below columns 4 through 12. Columns 5, 6, and
7 list the other broadband-noise thresholds taken from fig-
ures Vi-I to Vi-16. Column 8 lists the threshold obtained
usina a voice babble as the probe stimulus to assess the
masking of the 16 noises. These voice babble data are not
plotted in figures Vi-I to 1.7-16.
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TABLE VI-1. PHYSICAL AND PSYCHOPHYSICAL MEASURES OR CALCULATIONS

Column 1 2 3J4 5 6 7 8 9 10 11 12 13 14 15
Broadband Thresholds Physical SIL's Psychophysical SIL's

I 3-band 4-band 600- 300- 300- 3band 4-bandNoise Weight 3-2413-48 6-46 2-68 Babble 500-2K 250-2K4800 480 2400 500-2K 250-2KShi -umle 3 - -6 - -T __L ShpRumble 3 0 -6 - -7 -7 71.6 76.3 166.3 70.5 73.01 -5.3 0.1
2.GrabEng. 1 3 1-2 2 -3 -5 71.1 76.3 164.4 69.0 77 0.5 4.4
3. Blower 3 3 1-41-5 -i -5 73.7 77.3 67.0 71.7 75.4 -1.0 3.9
4. TN-6 2 0 -5 -6 -7 -5 73.1 75.1 69.3 71.7 73.7 -4.2 -0.3

5. Blower and 5 1 -3 -3 -4 -6 72.3 73.7 68.6 71.4 73.2 -3.2 03~Hull

6. Shear 1 -4 -8 [10 12 -10 68.5 70.0 68.9170.0 69.2 -4.2 -2.3
7. Generator 2 -3 .3 -3 -3 8 69.6 70.0 69.97.770.11 -3.3 -14
8. Compressor 3 1 0 1 1 7 720 72.6 1714 72.1 72.4! -3.2 -L5

9. Bable 3 -5 -6 -5 -8 14 74.8 72.8 73.2 73.274.41 -L0 -2.09_ _ _ 10ble -52~ .
10. TNFlat 1 0 0 0 0 72.6 71.4 174.6173.4 723 00 0.0
IL Arresting 1 0 0 0 77.3 77.9 75.276.817. 1 4-0 3.4Gea. 16 8 171L I

12. EngineRm. 2 5 -1 -1 -2 4 77.4 78.2 14.276.77&.9 L7 3.8
13. AirGrinder 1 0 -1 -1 -2 0 75.3 '720 75.776.074.2 -7 -2.8
14.Typet 3 2 0 -1 0 0 74.8 73.3 780176.374.1 -LO0 -0.115 L r16 I I- 2j75.9 J72-7 K80.0770 8 4.8 2T5
16. Jet ' 1 !0 8 181 9 79.0 77.4 68L0Ig.I;i 6.8 7.5

Rag 14181 8 11 24I) l5 7916611 9 . 11I10.3
Mean (16) ".6i-L91- j -3.31 n41 73.7 74.2 !774173.0 P 1  -06 . o

Stand. Dev. 16) L1 . 312.3.9 j3 4.5, 651 'L8 Z 1.1. 3-4!.0
Stand. Dev- 133) 3.01' 3.1 ---1 3.3 -1 2. 2 642-1i 28 I 2.4

Mean (33) i 0 31 Z51 71 3.71 0.2 73-4 74.2 17L4173.0r3.8 I -L6 0.6
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Psyvchnnhvsir.a Snaeh Interferinep I evels

In Section III the concept of the SIL was explained
and calculations using a variety of different combinations
of octave-bands were tabulated (table II Section III). To
show comparisons between the masked threshold data and
some of the better methods in Section III, five columns of
SIL calculations are reproduced from Section III and listed
in columns 9 through 13 of table VI-l.

In columns 14 and 15 are similar SIL scores based
] on the spectra of figures VI-I through VI-16. These are

called psychophysical SIL's because they are calculated
from spectra arrived at by the masked threshold technique.
Since all noise spectra in figures VI-1 through VI-9 and
VI-11 through VI-16 are difference spectra (the reference
or zero line represents the spectrum of the flat, thermal
noise), the SIL's are all relative to an SIL of zero for the
flat, thermal noise), the SIL's are all relative to an SIL of
zero for the flat, thermal noise (No. 10). Columns 14 and
15 show the psychophysical SIL's for both the three- and
four-band set of octaves based (,. 'he "preferred" center
frequencies of 250, 500, 1000, and 2000 c/s.

To determi'-e which of columns 4 through 15 in table
VI-1 has the smallest dispersion among the 16 noises, the
standard deviations must be examined. Column 13 has the
smallest standard deviation. However, if the standard error
of the standard deviation (1 hf2ii) is considered, columns

9 through 14, except for column 11, must be adjudged
equivalent. Columns 4, 5, and 6 could hardly be excluded
statistically, and it could be considered that columns 9 to
14 (except 11) are in one class, columns 4 to 7 and 11 in
another, and column 8 off by itself. Li any grouping it is
evident that the physical SIL's from Section Mfl are not
statistically different from the psychophysical SIL's calcu-
lated from the data in this section.

F'.gure VI-1 7 summarizes the SIL and broadband
threshold data tabulated in table I (Section II). in every
case, the measures have been set equal on ruise 10. From

the present data, and those in Section III, it would appear
that any SIL taking into account the octave bel,-w 600 c/s
would predict the speech-interfering properties of these
noises better than the presently used 600 to 4800-c/s SJL.
The psychophysical SIL's are good predictors, but not
superior to physical SIL's and much more difficult to de-
termine. Data derived by aura) detection of selected noise
bands in wider noises are thus neither or greater nor less
value than those from SIL methods.
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for 16 equally-speech-interfering noises. Al21
levels are relative since theyi are equated on
Noise 10, Thermal Noise. The psycho physical
and physical SIL's at the top are averages of
levels in the cctcave bands cent ered at 250, 500,
1000, and 2000 c/s (four-band) or 500, 2000,
and 2000 c/s (three-band). The Phusical S.TL's
at the botto= are based on averages of- levels
in the octave bands between 300 and .2400 cls,
300 and 4800 cls, and 600 and 4800 c/s. T he
psuchopkusical SIL's (at the veryj tov) are
based on the half-oc ta vex imasked- th reshold,
difference spectra plotted in figures V-l
to V.1-26. The physical SIL's are fro= t~he octave
levels printed numericallZI on figures I to 16
of Section III (and equated :*o Noise 10). The
broadband threshold data are fro= the
horizontal-bar results in figures V1-1 to V.1-16.
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I

A SPEECH INTERFERENCE NOISE RATING CONTOUR

ABSTRACT

An attempt has been made to show the simiarities
between three ostensibly different methods of rating noises
for speech interference. The three basic methods are:
Sound Level Meter (SLM) readings using various frequency
weighting networks; Noise Criteria Contours, where spectral
peaks of noise become tangent to one of a family of rating
curves; and average-level methods, the Articulation Index
(AI) being the most sophisticated method and the Speech
Interference Level (SIL) being the simplest to use.

A Speech Interference (SI) curve has been evolved
which, when used as a frequency weighting network in a
SLM, or as a noise-rating curve, or as a curve-fitting
method of arriving at an SIL, greatly reduces the spread
of scores among the three measurement methods when rain.g
the speech-interfering properties of ccrtain 16 noises.
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INTRODUCTION

In a recent series of papers by Klumpp and Webster
(1, 2) and Webster and Klumpp (3), physical and psycho-
physical schemes were examined that purported to measure
the speech-interfering aspects of noise. Sixteen diverse-
spectrum noises were adjusted in level so that listeners
hearing monosyllabic (Rhyme) words at a constant level of
78 dB from a loudspeaker obtained 50 percent word intelli-
gibility scores. Twenty-band, and 5- or 6-octave-band
Articulation Index (AI) calculations, see Kryter (4), pre-
dicted the speech-interfering properties of the noises very
well, see Webster and Klumpp (3). However, as shown by
Klumpp and Webster (2), some other, and simpler, schemes
worked just as well; for example, Speech Interference Level
(SIL) calculations, see Beranek (5), based on octaves
centered at 425, 850, and 1700 c/s, or 5CO, 1000, and 2000
c/s. The A-weighting and Din 3 networks, see Peterson
and Bruel (6), of a Sound Level Meter (SLM) were good, but
the conventional use of Noise Criteria (NC), or Alternate
Noise Criteria (NCA), see Beranek (7), curves did not work
well. However, NC, NCA, and ISO, see Janssen (8), curves
worked very well if (1) only that part of the curves center-
ing on the octaves 500, 1000, and 2000 cls was used, and
(2) the noise spectra were allowed to "average through" a
contour and not just touch it at a peak value. Tis "average
through" or average-curve-fitting method is a combination
of methods. It uses contours customarily used in the tangent-
to-curve method to arrive at the eqruivalert of an SIL (average-
level method). In the discussions which follow it will not
be spelled out as a separate method but will be considered
as just another average-level method. See ref. (3) for
more discussion on this combination method.

In the process of trying all possible noise-rating
schemes, it became evident that there were essentially
three basic ways to rate the speech interference properties
of noises. And although the three basic methods differ in
how they operate, the best of each method was pretty good
and with a few compromises here and there the three basic
simple methods Ltight become quite comparable.
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METHODS OF RATING SPEECH INTERFERENCE

The three basic methoas of rating the speezh-inter-
fering properties of noise are: (1) average-level methods

(the Al being the most comprehensive, universal, and the
best predictor, but the SIL doing as good a job if the proper
octaves are chosen initially); (2) SLM frequency weighting
networks (A and Din 3 being conclusively better than either
B or C); and (3) tangent-to-curve methods.

As stated in Klumpp and Webster (2), these methods
work in different ways and it is pertinent to point out how
they differ. The simplest in concept, but the worst in pre-
dictive ability, is the tangent-to-curve method. In this
method, only the noise component (peak) that first touches
a generalized noise-rating contour determines the rating.
Any pure tone component, or any restricted band component,
that differs drastically from its surroundings dominates
this rating.

The tangent-to-curve method may be expressed
mathenmaticaly as follows:

: ten log, t()f.,) .2 (1)

where 3r is any noise-rating criteria desired su-ch as -C,
N04. or ISO; and . is a frequency- and sound-pressure-
dependent weighting factor irez-esented by famiies of -C.
VN. or ISO contours); - is the maximnum sound pressure
(the noise soectral peak that first touches a given contour);
and D is a reference sound pressure (usually 0. Oi02 micro-
bar). The magnitude of 27 is the logarithm of the weit.fing
factor at the frequency ef ... and the maximum noise sound
pressure.

For the weighted-integration (SLM or network)
met od., the indicating ins-L ment fallowing the weighting
network in a SLM adds componenis powerwise, i.e. two
equal components result in a ievel 3 d8 greater than either
level individually; nevertheless, as in the tangent-to-curve
method, a single component 10 dB greater than all its
neighbors essentially determines the level. The frequency
weighing network metoi cain be expressed mathematically
as follows:

•(2)

=2 2 l71- -0 1

where -w is a sound-level weighting reading; P- is a fre-
qaency-devendent weighting factor determined by the def-ni-
nition of =;P ,... D are sound pressures in contiguous bands.
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The magnitude of w is the logarithm of weighted sums of
squared band sound pressure.

The average-level methods (Al and SIL) work con-
versely. Whereas the tangent and network methods are
determined by one (tangent) or more (network) sound pres-
sure peaks and give readings equal to (tangent) or greater
than (network) the highest peak sound pressure level, the
average-level methods yield measures lower than any single
peak by the inclusion of lower levels.

The average-level method can be expressed mathe-
matically as follows:

2n (3)

SIL 10 log VLZ .f P)p! X h OFX... k~ U. (p)p2 ~2
1-n 1ojrr'1 2 -2 nl N7J 0

where SIL is a Speech Interference Level of n bands,1-

both the num'er of, and the location of the bands must be
specified; k. is a frequency and sound pressure level de-
pendent weighting factor (but for SIL calculations i n the past,
k has been equal to ... = i); Pl...Pn are sound pres-1 2 

°
- "

sure levels in specified bands. -As a consequence of the
properties of logarithms an equivalent SIL result can be
obtained by taking the arithmetic mean of the levels and
adding a constant whichi will depend on the weighting -- a
process less involved than taking the individual differences
and averaging, but a process that can be used only if is
neither zero nor a faunci.on of v; i. e. all SIL differ by con-
stants.. Thae magnitude of an SIL is the logarithm of a pro-
duct of w ing factors plus the logarithm of a harmonic
mean of band sound pressure.

As an example of how these thre met.bos d ffer,
consider a noise that had equal sond pressure leve-, say.
80 dB, in each of four pertinent octave bands. This noise
would be rated 80 by the average-level method, 86 by the
integration method, and 80 by the tangent-to-curve method.
A tonal component of 90 dB in one band would change the
average level to 82.5. change the network reading to 91. 1
and the tangent-to-curve rating to 90. Two 90-dB tonal
components in adjaceut octaves would Change the a-erage
level to 85, the integration-method reading to 93.4 and the
tangent rating to 90. Two 90-dB tonal components in the
same band would change the average-level to 83.3, the inte-
gration-level to 93.6, and the tangent rating to 93.2.
Licklider and Guttman (9) have shown that tonal components
do not mask speech very effectively so the speech interference
properties of these four hypothetical noises would be approxi-
mately equal.

To summarize the example: The average-level
measures on these hypothetical noises varied from 80 to
85, the integrated levels from 86 to 93.6, and the tangent
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rating from 80 to 93. The weighted 5-octave band AI would
act much the same as the average-level measure except that
weighted averages would be involved and, in fact, in the
examples above, changes in AI, expressed in dB, could be
as large as5.9, depending an which octaves the two tones
were in and whether the level of speech kept the speech-to-
noise (S-N) within the 0 to 30 dB range. To express Al in
dB, recall that an Al of 0 corresponds tu an average S-N
differential of 0, an Al of 1 corresnonds to a 30 dB S-N, an
Al of 0. 5 to 15 dB, etc., so any value of Al can be expressed
as some S-N between 0 and 30.

It follows from the above disctission and from the
results presented in Klumpp and Webster (2) that on any
given noise the integration methods will give the highest
numerical ratings (two equal peaks together add 3 dB), the
tangent-to-curve method next (highest peak, or peaks,
determines rating, no summing), and the averaging methods
the lowest ratings. This is strictly true only if the frequency-
weighting networks have the same general frequency vs. level
shape as the inverse of the tangent-to- curve rating contours.

Figure I shows; the general similarities among the
common SLM weighting networks and the common families
of noise-rating contours-. Note, for example, that the loud-
ness, see Stevens (10). annoyance, see Kryter (11) and
Kryter and Pearsons (12). and _NIC curves are quite similar
in shape, especiadly at the low frequencies and for the 1170s
contours, and that all off them tolerate less low-frequency
sound than. the NCA curve. It should be vointed cut that louad-
aess and annovance calculations; are not just simple tangent-
to-curve calculations. 7"hey are di-fferent inasmuch as comn-
uxnents ot:her than the peak suectral component are taken
int accaon_ In this regard they act mrre like SLM we;gt
irag mtwoerks_ Also note that for low-frequency sounds at
least, the NCA- M rating curre 2nd t:- A weighfting network

cuv r , _-i im _ ishp- You:ng (13) 1has already

made a cazze for using the A weih ntwork for r-ating
sounds becai_-se c-f the eerlsxiateS-i sh2 De between
the- A and the 'NC-40 contours. Young (143 has nox sbazn
tha evnoudnes 2nd annoyance, at least for office noises,
are fairly well predicted by the A weighting moetork.

Since the A network is very similar in s'.---e 1.o the
inverse of the NC and,7or NCA contours, it is not surprising
that the ratings assigned to the 16 equally speech-interfer-
ing noises in table 2 of ICumpp and Webster (2) are higher
in magnitude on A weighting (83.5 dB) than on NCA curve-
limiting (78. 7 dB). and that both are larger than the SIL
(73.7? dB). (These data are reproduced in columns 5, 8,
and 13 of table 1.)

T-he absolute magnitude of the ratings assi:gned by
variants of the three basic methods is "ot, however, tire

VII-6



- -- - - - ~- U ~-_ __ _ 77M% ~ t~

I -0

-- ~ -_ W, -

L ~M N2

~G~ Z~Z~~rfEWEc ig~Ii

moti~otft ae I sth ipeso o h rtno
PsOne o h 7A6 eqal specinrein tose ta

thefguc -2- NIiS neatwork nexts andtetagn-o
c0ue methods wotrt (This zcan b wcbsevedbynotng a

asigne the 16s n eqaard spelviteons inreases froti
cm-ortan L3 tod o gardn acdn to olumn 8aodtaWlester

(2)andWeb~erand30uapp(3) th avragangmeVod-ar



TABLE VI:-1. VARIABILI1Y ASSOCIATEO WITH

VARIOUS MEASUREMENT PROCEDURES

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Weighting Networ Tangent-to-Curve Averaging or S IL's

Noie C CIRA A' IA'(R1 CA ISO(R)[ NCAI Phons A' 3 Bard A(R)
1 17 70 70 70 70 ~70

L Ship Rumle 105.3180 86.3 79 76 80 77 75 100 64 71.6 68

2. Grab. Eng. 97.6 83 86.3 81 79 81 80 78 97 63 71.1 68

3. Blower 9.3 84 85.1 81 79 79 82 78 94 64 73.7 70

4. TN-6 86.8 78 79.3 77 76 73 74 72 89 62 73.1 70

5 Blower&Hull 85.3 79 7&8 76 75 73 75 73 89 56 72.3 69

6. Shear 78.8 74 75.8 73 72 69 71 67 36 59 68.5 66

7. Gneratnr 79.3 75 78.6 72 72 72 74 68 88 60 69.6 66

& Compressor 8LO 77 78.5 74 74 73 74 71 90 62 1 72.0 69

9. Babble 80.3 79 80.8 77 77 76 77 74 87 61 , 74.8 71

10. TN Flat 80.7 80 81.6 76 76 78 80 72 94 62 72.6 69
11. Arresting. !ar 85.3 82 83.8 80 &j 78 79 76 93 66 77.3 74

12. Engine Room 86.3 84 84.3 82 82 78 81 79 92 66 77.4 74

13. Air Grlnder 84.3 0 84.8 77 177 84 82 73 96 64 75.372

14. Typewriter 86.4 82 87.4 79 79 85 83 75 97 65 74.8171

15. TN+6 88.3 84 89.8180 80 85 87 79 98 65 75.9 72

16. Jet 93. 8189 94.382 82 94 90 81 106 70 79.0 176

Range 2.5115 1&.51010 25.0 19.014 20 14 10.510

Mean 87.0 80.6 83.5 77.9 77.3 78.7 79.1 74.3 93.5 63.1 73.7 70.3f

Standard Dev. 7.4 3.7 4.7 3.0 3.0 5.2 4.8 3.7 5.2 3.2 2.8 2.8

Rank 8 4 5 2 2 7 6 4 713 1 1
Group 4 2 3 1 1 1 3 13 12 341 111

PURPOSE

It is the purpose of this paper to construct a Speech

Interference (SI), frequency-weighting curve that can be
used (1) to calculate a weighted SIL, (2) as a filter in a SLM,

and (3) as a substitute for the NC type (NC, NCA, and ISO)

contour at the 70 dB level. The curve will be designed to

measure only the speech-interfering properties of noises.

To the extent that speech interference is the dtermirning
factor in the judged loudness, annoyance, or office environ-
ment acceptability, this speech interference contour will
measure that quantity.
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Spccifically, a contour will be developed that reduces
the dispersion among the ratings of the 16 equally sveech-
interfering noises reported by Klumpp and Webster (2).
The purpose will be to devise methods and means of better
estimating the speech-interfering properties of noise wi.th-
out using the more Involved Al technique.

SPEECH INTERFERENCE

On the basis of the results of Klumpp and Webster
(2), the guidelines for developing a speech interference
contour at the noise and speech levels used for those studies
are clear. For 50 percent scores in relatively high level
noises (as compared to acceptable offices), the frequency

regions of the noise that limit the speech are centered at
500, 1000, and 2000 c/s. If the speech interference contour
is to be used as a filter network in a sound level meter,
sound of frequency below 300 c/s and above 3000 c/s must

be discriminated against. Likewise, when used as a tangent-

to-curve determiner the same frequency cutoffs must be
observed. When used as a shaping network for calculating
an SIL or average-curve-fitting within the octaves 500,
1000, and 2000 c/s, the center octave needs to be emphasized

somewhat more than the others.
With these general guidelines a contour labeled

SI-70 was developed as shown in figure 2. The shape of

this contour is determined largely by the levels of the
limiting spectra of the Klumpp and Webster (2) noises as

shown in figure 5 of Webster and Klumpp (3). Using this
SI-70 contour, the 16 equally speech-interfering noises of
Klumpp and Webster (2) were rated as detailed in table 1.
All of the ratings in table 1 (except those in italics which
are taken directly from Klumpp and Webster (2)) are cal-
culated measures, including those where it is assumed that
the inverse of the SI-70 (and labeled A') is used as a filter
network in a SLM.

In columns 1 and 2 of table 1 are listed the numbers
of, and names of, the 16 noises. For comparison reasons

the C and A weighting network ratings from Klumpp and
Webster (2) are shown in columns 3 and 5, the NCA and
ISO(R) ratinge ia columns 8 and 9, and the 3-band SIL in
column 13. In column 4 is "he rating that would result if
a flat (C) weighting were used in a SLM but bandpassed to
include only the octaves centered at 500, 1000, and 2000
c/s. This column is labeled C(R); the "R" specified here,
as everywhere else in the table, "Restricted Range."
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Figure VII-2. Speech Interference
Contours.

The remaining columns in table 1 are ratings the
16 noises would get if the SI-70 curve were used as a new
A network, namely A'; for the whole frequency range
(column 6) or A' (R) for the restricted range. Column 10
lists results from using the SI-70 contours as the curve for
the tangent-to-curve method. In column 12 are given the
measures of the SI-70 curve when used as an averaging
curve to find a five-octave SIL (based on center frequencies
of 250, 500, 1000, 2000, and 4000 cls). In column 14 are
the results of restricting this averaging procedure to the
usual restricted band (500, 1000, and 2000 cls).

Below each column are two measures of dispersion:
the range (highest minus lowest rating) and the standard
deviation; and the mean rating on the 16 noises. The rank
order refers to the relative smallness of the standard
deviation. The smaller the standard deviation the better is
that method in rating the noi :s to be, as they have been
adjusted to be equally speech-interfering.

Some of the data in table 1 are plotted in figure 3
and reference to &able 1 and figure 3 makes many points
very evident. F or example, the greatest reduction in the
variation among the 16 noises occurs by merely restrict-
ing the bandwidth to the octaves centered at 500, 1000, and

VU-10
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2000 c/Is (see columns 3 and 4 and the two uppermost curves).
The new SI-70 is a considerable improvement over the A
weighting when used as a filter in a SLM (column 5 vs. 6).
Restricting the bandpass on the SI-70 as a filter doesn't
improve things appreciably (column 6 vs. '7).

C.)

Sgot.-
aL.

-4l NC

60-

10 - ---

110

-6

10 -

-- T -7

1 2 45 789-~11 12 13 1416

NUMBER OF NOISE

Figure V.11-3. Ratings of,, 16 equally4 speech-inter-
fering noises by various methods. Numbers at thze
l ef', edge of the curves refer to column numbers in
Lai- Ie 1.
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(column 10) is markedly superior to the NCA (column 8),
the ISO(R) (column 9), which is representative of both the
NC and NCA curves when restricted in bandwidth, and to
the loudness level calculation (column 11).

When used as an averaging curve to find a 5-band
SIL, the SI-70 is good (column 12) but not as good as when
finding a 3-band SIL (column 14) where it is as good as the
conventional method (column 13). This latter finding is to
be expected since, as pointed out earlier, in SIL calcula-
tions (as long as you stay with the same number of bands)
the weighting shuld have no effect on any measure of dis-
persion. All the shaping does is add or subtract a constant
number of dB from the original straight-line average.

In general, then, the SI-70 curve does what it was
designed to do: It provides a single curve, which as far as
predicting the speech-interfering properties of relatively
high levels of noise, (1) makes a better filter network than
the A weighting, (2) makes a better noise rating curve than
the NC. NCA, and ISO curves, and (3) can be used as an
averaging curve to find an SIL that is equivalent to the
3-band preferred frequency SIL.

A comparison among the best methods is detailed
at the bottom of figure 3. In this plot selected columns are
replotted from table 1 (or from the top of figure 3) but they
are now ecated on the thermal noise (TN), noise 10, and
all ordinate values are relative. In the top set of four curves
taken from columis 6, 10, and 14 of table 1, with the Al
calculation from reference 3 added for comparative purposes,
it is evident that the 5 is the best simple predictor, and
that the new SI curve m ther used in a SLM (column 6, A')
or as a noise rating curve (column 10, NCA') is slightly
worse, especially for low frequency noises (noises 1, 2,
and 3).

However, when compared to the old A weighting
(column 5) or the old NCA (column 8), the new SI (or A')
and NCA I predictors are better, especiall" - high fre-
quency noises (noises 15 and 16).

On the basis of the theoretical improvements in
measuring speech interference shown in table 1 and figure
3, an SI filter was constructed and added as an external
filter to a Bruel and Kjaer model 2203 SLM. Figure 4
shows a comparison of the A weighting and the SI weighting
on each of the 16 equally speech-interfering noises. As
would be predicted from table J or figure 3, the differe;icz
between the two weightings is greatest on the high frequency
noises (14, 15, and 16) and next greatest on the low fre-
quency noises (1, 2, and 3).

Field trials on U. S. Navy ships are now in progress
to determine if the new SI filter is sufficiently superior to
the A weighting network in rating the capabilities for speech
communication in noisy spaces to warrant its more general use.
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nezwork and the new S1 weighting filter.
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This paper has attempted to delineate three different
methods of rating noises. The three basic methods are:
Sound Level Meter (SLM) readings using various frequency
weighting networks; Noise Criteria Contours, where spectral
peaks of noise become tangent to one of a family oi rating
curves; and average-level methods, the Articulation Index
(A) being the most sophisticated method and the Speech
Interference Level (SIL) being the simplest to use.

Based on the data of Klumpp and Webster (2), a
Speech Interference curve (SI-70, figure 2) was evolved.
When this SI-70 carve was used as a frequency weighting

network in a SLM, or as a noise-rating curve, or as a
curve-fitting method of arriving at an SIL, it greatly reduced
the spread of scores among the three measurement methods
over the 16 equally speech-interfering noises of Klumpp
and Webster (2).
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r GENERALIZED SPEECH INTERFERENCE
NOISE CONTOURS

j.C. WEBSTER

U. S. Navy Electronics Laboratory, San Diego, Calfornia

Based on an ,te sive literature rIMew of the effects of noise on speech intelligibility,

a series o! woise rating curves are developed. Thiese Spee!ch Interference (SI) contoursp are intended to bridge the gap bt'een (1) Noise Citeria (NC) and Aternte Noise
Criteria (NCA) curves used to rate the s-uitability of ofes, and (2) a Speach -1frIt-
freae (S!) noise rating curve that predicts the effects- higher le7.vl noises on speech
intelligibility. The highest SI contour (SI-S0) has a minimum at an octave le'el of 80
dB at 800 cps and is steepl, -.oped both above and below 800 cps. The k-.vr level SI
contuars have minim -t incresingly higher fr rgences .n-d have steep slopes for fre-
quenies below the inim but grtduay level off zt the frequeies t2he M

In another paper, Webster (1964) has developed a speech interference con-
iour that best predicted the speech-interfering properties of the 16 equally
speech-interfering noises described by Klumpp and Webster (1963). It is the
purpose of this paper to generalize this single contour into a set of contours
at higher and lower decibel le~rels- Ideally, these contours will extend the upper
range of Beranek's (1957) Noise Criteria (NC) and Alternate Noise Criteria
(NCA) cur-es for rating -- the maximum noise level at which o&fic per-
sonne] feel the- cn accomp;ish their duties '-ithout loss of pcrformance"
Working spaces exist that exceed Berane's (15-) maxmum contou (NLC or
NCA-70) and that very often exceed his recommen-ed mamum of NC-55.
The rationale for de~vloping tmse contours is that in certain spa-ms, certail
some shipsward areas, nose Jels exceed XC55 but wc-k must and does

f cctmr U c.g m=uruuus. In ure areas toe majar errream
7 m ust be acceptallc speech inteigiblity ith little or no r.-d for lowiaess,

annonce or To rate these spces, t -refoe, contzrms on
toFct and sveech cu-ainctien verffomnance m ust vo the comfort (1.9-d-

ness 2 nd 2nnuramm~) andA base ffie r-Atis and esvntuAl acceptwnc omhy on those
___ ~~aspecty o noise tbrt affect speech iruiui

The esniours to be dcekelped then will ideally iicg the gap between (1)
Brank's 1 57) NC and NCA cures that rate rooms on ad3 aspects of voise,

~~ I and (2) IWebster's (1964) speech-interfering (S-.1 am-am.u devlped to piedidt
the ef -cts of noise upon speech intelli gbiht. This will beaco lied y

utilizing the re.ults of an extensive IterMum sun-ey of e effect3 of noise and
frequency ba-adwidth on speech itliiiiy

LITERATURE SURVEY
No discussion of the effects of iarious frequency regions of noise upon the

masking of speech w=ld be corplete wifhout considering the data of Miller

Reprinc ft=m the- jourw of SpctrJ amd Hecrrn-g Rcssardz
J=n 19K VoL 7. So.

L ACONTRIBTM.ON OF THE NAVY ELCTRONICS I
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(1947). He used a broad-band (20-4 000 cps) noise and eight narrow bands
of noise covering the range from 135 cps to 4 000 cps. He fotud that as com-
pared to the masking done by the broad-band noise, (1) the low-frequency
noise bands did virtually no masking at lov levels and were very good maskers I
at high levels, (2) the high-frequency bands of noise were very effective if
maskers at low levels but didn't mask much more as the levels increased, and
(3) at moderate to high levels, bands below 1500 eps and especially those
below 1 100 cps masked speech considerably better than those above 1 S0 cps.
Hs results can be summarized by saying that as the level of noise increases,
or as the S-N (Speech-to-Noise) differential decreases, the masking effective-
ness changes from Lgl'r frequency bands to lower frequency bands.

Miller's (1947) lowest band was from 135 to 400 cps. Dreher and Evrans (1960-
61) found that a masking band of noise from 50 to 300 ps never did decrease
the intelligibility of speech, even at levels where a band from 600 to 4 800
cps masked speech phrases completely. They did fid, however, that the 50-
300 cps band, when added to the 600-4 800 cps band, caused an additional
amount of deterioration in speech intelligibility.

Pickett and Kryter (1955), using sloped broad-band noises to mask speech,
found some evidence to support Miller's (1947) findings based on narrow
bands of masking noises. They found (see Figure 3 in Pickett and Kryter,
1955) that "tow-frequency (LF) noise" .... -7 dBioctave at the low fre-
quency end to -12 dB/octave at the high end ... [as measured in octave- a
band, not spectrum, 'levels]") -as not very effective in decreasing high levels
of intelligibility but quite effective in further decreasing low levels. Similarly,
they found (Figure 4, P-ckett and Kryter, 1955) that igh-frequency (HF)
noise' ('... lope of the HF ... noise spectrum increased from +3 dB/octave
to +5 dB/octave as frequency increased . . .) was quite effective in de-
cresing high levels of intelligibility but relatively less effective at decreasing
lower levels.

Egan and Wiener (1946), doing the reverse of MiLer (1947), found what
bandwidths of speech were important to make speech intelligible in broad-
band noises. Tbe data, which are stummarized in Table 1, show that whaen
speech is bandpass-filtered in broad-band noise. there is a frequency some-
where between 1100 and 2000 eps that is essentially the center or important
frequency. As the width of the speech passband is increased more or less
syrmetrically around these center frequencies, intelligibility likewise increases.
In general, the wider the band in otaves the better the !ntelligibility. For
example, if 2 600 cp is subtracted from the top end of the 550 500 cps band,
the intelligibility of the new 50-3 900 cps band drops a measurable amount
(and the total bandwidth decreases from 3-56 octaves to 282 octaves). If
the lower end of the band is extended donmard by 210 cps (340 to 3 900
cps), the intelligibility and the wtnd idth in octaves is again approximately
equal to the original 550 to 6500 cps band even though the bandwidth in
ccqles has been reduced from 5F950 to S560 cps.
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T.iLr 1. InteligibiLity ve:sus Bandwidth (frou. Egan & Wier-er, 1946).

Word Ir. ibint Band Band
tExtent Centerf.74-5 at high 5-- at low an

,~ReL Bank ,.-S-N values S-N values in cps in cps i2 cps in octaes

88 63 1 130-9200 1093 9070 6.14
81 46 2a 550-850 19-20 5950 3.56
79 50 2b 540-3900 1150 3560 3.52
77 42 3 550-3900 1460 3.350

- 70 30 4 550-2500 1170 1950 2.18
65 25 5 870-3 900 1840 3030 2.16
53 18 6a 870-2500 1480 1630 1.52
44 22 6b 550-1 500 908 950 1A6

-3 42 12 7 1300-3100 2007 1800 125
22 10 8 870-1500 1120 630 0.79
20 5 9a 1300-1900 1580 600 0.55
18 6 9b 1800-2500 21 0 700 0.47

It is interesting to note that in the three cases where the bandwidths in
octaves were approximately equal f2a versus 2b, 4 versus 5, and 6a versus 6b)
the bandwidth with the lower center frequency was more intelligible at low
S-N values and in two of these cases (2 and 6) the reverse was true at high S-N

RK- values.

So the intelligibility of bandpass-filtered speech in broad-band noise increases
as the width of the speech band increases in units of octavat around a center
frequency of about 1500 cps. This center frequency can be as low as 908 cps
for bad conditions of speech in noise to a frequency as high as 1 920 cps for
good conditions.

Some generalizations seem evident from the data of Miller (1947) and Egan
and Wiener (1946). For speech to be very intelligible (80 nonsense syllable
scores) in broad-band noise, the speech passband should be about 35 octaves
'wide and centered somewhere between 1 100 and 2 000 cp. Twenty per cent
nonsense syllable scores remain for bandwidths between 0.5 and 0.75 octaves
if centered between 1 100 and 2 000 cps. Low frequency bands of noise (below
1100 cps and in bands of 1.6 octaves or less) do not mask broad-band speech
well until they become relatively loud High frequency bands of noise (above
900 cps and in bands of 0.75 o-taves or less) mask broad-band speech ome-

AT what at v-ay low levels but do not mask speech appreciably more pis tue
noise -Ievt! increase At low intelligibility levels (less than 40% PB scomes),
narrow bands of frequencies above 900 cps (especially above 1300 cps) do
no additional masking whereas narrow bands of frequencies below 1100 cps
(especially belov 700 cps, but, according to Dreher and Evans, 1960-61, not
below 300 cps) do an appreciable amount of masking.

-Can these trends be found in the data of others? The trends being that (!_)
a sufficient bandwidth for speech in noise is 35 octaves from 340 to 3900 or
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550-6 500, the center or important frequency being between 1 100 and 2 000
cps; (2) small amounts of high-frequency noise deteriorate speech intelligibil-
ity somewhat and greater amounts do no further damage; and (3) small
amounts of low frequency noises won't deteriorate speech intelligibility at -all
but greater amounts can obliterate speech intelligibility.

The Articulation Index (AI), which is a measure that takes into account the
difference in the spectrum level of speech and of noise over 20 contiguous
frequency-linuted bands, each of which contributes equally to speech intelligi-
bility, yields a number that is a function of speech intelligibility. The Al as
calculated by the Beranek (1947) method, see Kryter (1962a), confirms the
bandwidth requirements for speech in noise; that is, the 340-3 900 cps band
contains bands 2 through 18 of the 20 bands and the 550-6 500 cps band con-
tains bands 4 throug: 20. Both bands include 17 of the possible 20 bands and
would therefore yield an AI score of 0.85, which, according to Kryter (1962b),
would permit a PB word score of 95%. Kryter (1962b, Figure 1) also shows that
speech in the bands 0-600, and 1200-2 400 cps is just as intelligible in the quiet
as is speech in the bands 0-600, 1200-2 400, and 4 800-9 600 cps. This indicates
that speech frequencies above 4 800 cps do not contribute appreciably to
intelligibility if there is sufficient speech energy in frequencies l'elow 2 400
cps. In the same reference Kryter (1962b) shows that any bandwidth reduction
within the 1200-2 400 cps band reduces intelligibility appreciably, especially if
the 0-600 cps band of speech is also eliminated. Kryter (1962b) found, as did
Egzm and Wiener (1946), that nonsense syllable intelligibility stays relatively
high (60%) if only speech fn the 1 200-2 400 cps band is passed. Unlike Miller
(1947), Kryter (1962b) found that a band of high frequency noise (2 400-3 400
eps) does decrease intelligibility with increasing level even if the speech has
already been low-passed at 1700 eps. But like Miller (1947), he found that
increasing levels of low-passed noise (200-1100 cps) decreased intelligibility
to lower levels than did the high-frequency band of noise even though the
speech was already high-passed at 1700 cps.

In another paper, Kryter (1960) presents more evidence on the important
frequencies for speech when masked by noise. He was looking for three bands,
each 500 cps wide, that would pass speech with maximal intelligence (and
naturalness). He found that the lowest band should be centered at 500 eps (to
750), the next at 1750 ±250 cps, and the third from 2 500 cps (to 3 000). In
comparative tests using bands centered at 500, 1500, and 2 500 cps he found
the intelligibility to be better than when using contiguous bands of 1500 cps-
width, geometrically centered at either 400, or 1 000, or 1 580 cps. But he also
found that among the 1500 cps-wide bands the one from 100 to 1600 (center
freq. = 400) was appreciably better than the higher-centered one at 500-2 000
eps which was in turn better than the band from 1 000 to 2 500 cps. The
superiority of the 100-1600 cps band wab especially evident at the least
favorable (zero) speech-to-noise condition. This low band is four octaves wide
(as compared to 2, and 1.32 octaves for the higher bands), but if the data of
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Egan and Wiener (1946) are correct, the lowest 1.75 octaves, if not the lowest
two octaves, could undoubtedly have been eliminated without any undue loss
in intelligibility.

Pollack (1948) also has some data which show that the intelligibility of
speech in noise is actually increasec! slightly if the speech frequencies below
350 cps are eliminated. He also confirms that speech frequencies above 3 950
cps add no more to intelligibility. Pollack (1948), who selectively high- and
low-passed speech in noise backgrounds, found a "... shift in relative contri-
butions to intelligibility from the low frequencies at low intensity levels [and
low intelligibility scores] to the high speech frequencies at high levels. . .

He found this shift "... by noting the frequencies at which one-half of the
maximal contribution to the articulation index was made." These midpoints
are, according to Pollack, "... 800, 1010, 1 300, 1 430, and 1 620 cps . for
levels of +10-, +20-, +30-, +40-, and +50-db orthotelephonic gain,
respectively."

Dyer (1962), doing the reverse of Pollack (1948), namely, filtering the noise
around a broad-band speech signal, found, like Pollack, that as the speech-to-
noise differential increased, the frequency that divided the high- and low-
passed noises into equal speech-interfering increments increased from about
1000 to almost 2 000 cps.

If any generalizations can be made from the literature cited, they are:
Speech frequencies below about 350 cps and above 3900 cps are relatively
unimportant to the intelligibility of speech in noise (Egan and Wiener, 1946;

Z. Kryter, 1960; and Pollack, 1948); according to Dreher and Evans (1960-61),
noise frequencies below 300 cps are very ineffective in masking speech at

- tolerable listening levels unless higher noise frequencies are also present;
according to Miller (1947), noise bands above 2 400 cps are very ineffective in
masking speech; Kryter (1960) states that the most important narrow bands of

speech energy are centered at 500 (to 750 cps), 1 750 ±-250 cps, and 2500 (to
3000 cps); Kryter (1962b) also states that any decrease in speech bandwidth
in the 1200 to 2 400 eps band reduces intelligibility; the most important mid-
frequency in broad-band speech, according to Egan and Wiener (1946), is
somewhere between 1100 and 2 000 cps and the bandwidth required for high
intelligibility is about 3.5 octaves; Egan and Wiener (1946) also state that at
good speech-to-noise conditions (at high levels of speech intelligibility) the
important broad-band center frequency is around 2000 cps and frequencies as
high as 6 500 cps may be important; as the speech-to-noise conditions deteri-
orate, the important mid-frequency shifts down to around 1000 cps and fre-
quencies above 3 900 cps are ineffective (Egan and Wiener, 1946; Kryter, 1960;
Pollack, 1948; and Dyer, 1962).
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FicuRE 1. Speech interference noise rating contours.

SPEECH INTERFERENCE (SI) CONTOURS

The remaining SI contours (SI-50, 60, and 80) in Figure 1 were drawn relative
to the SI-70 contour on the basis of the above observations, which are quanti-
tative as regards frequency but only qualitative as regards sound pressure
levels. The SI contours show (1) a gradual shifting from a minimum of 800
cps for SI-SO to 2 000 cps for SI-50, (2) an increasing disreqgrd of high fre-

quency noise cumponents from NCA-40 through SI-50, G, and 70 to SI-80,
(3) a sudden disregard of low frequency noise componcnts from NCA-40 to
SI-50, then increasing concern for low frequency noise fi,r the contours SI-60,
70, and 80. These contours are developed on the basis that for levels of noise

below the NC-30 contour, comfort, annoyance, and p-urely aesthetic values
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govern the use of a room. At NCA-40, Beranek (1957) states that all due allow-
ance is made for the difference between loudness and speech interference,
,.nd above NCA40 the environment is admittedly adverse and speech inter-

-MRference alone is hypothesized to be the determiner of acceptance.
In this regard it is interesting to note that in specifying the comfort of air-

4-i- craft cabins (propeller-driven), Lippert and Miller (1951) define as "idaally
quiet' a noise spectrum that becomes tangent to the SI-70 contour (between

4 500 and 1 000 cps). This spectrum is at least 15 dB above Beranek's (1957) NCA
1 contour of 55 which he describes as "Very noisy; office environment unsatis-

factory; ... Not recommended for any type of office." Here is a case, and there
are others, where the adaptability level of humans comes to their aid. A noise
level that makes offices "unsatisfactory" is 15 dB less intense than a noise

1k, judged to be "ideally quiet" in airplane cabins. Lippert and Miller (1951) define
a second contour exactly 20 dB higher as "quasi-comfortable." This letter level

is 35 db ove Beranek's "unsatisfactory office."

It is this adaptability feature of human behavior that gives rise to the
- rationale behind the discontinuity in the contours between NCA-40 (where

comfort is of importance) and Si-50, and on through the SI-60, 70, and 80
contours, where the important aspect of the noise is its speech interference
properties, not its loudness, its annoyance, nor its habitability and comfort
properties.

SUMMARY

Because people do work, travel and even go for entertainment (night clubs)
in environments where noise levels greatly exceed "satisfactory office standards,"

[ Iit was thought desirable to extend Beranek's (1957 Noise Criteria (NC) curves
! I to higher levels. In this extension, aspects of comfort, loudness, and annoyance
I are not as important as aspects of speech intelligibility. Therefore, a series of

Speech Interference (SI) Contours have been developed based on what is
0 lmown from the literature on the intelligibility of speech in noise.

F-T- These SI contours, which actually constitute the summary of this paper,
show (1) an increasing disregard for high frequency noise components as the

3_ IT noise increases frcm levels of 40 dB to 80 dB (as estimated by an A-weighting
network of a sound level meter), (2) a sudden disregard of low frequency
noise components as the noise level passes 60 dB(A) and an increasing concern
again for A levels above 80 dB, and (3) a shifting of the major concern for noise
components centered at 2 000 cps for A levels of 40 dB and below to corn-
ponents centered at 1 000 cps and below in noises with A levels of 70 dB and

1 " above.

The opinions and assertions coniained herein are the private ones of the writer, and are not
Sto be construed as oflcial, or as reflecting the views of the Navy Department or the naval

service at large.

WVr.nsT2 : Speech Interference Noise Contours 139

if;q



REFERENCES

BEIRAr, L L, The design of speech communication systems. Proc. inst. Radio Engrs., 35,
,,O 881-,90 (1947).

Bxm r, L L, Revised criteria for noise in buildings. Nese Cofrto, 3 No. 1, 19-27
(razaary 1957). r7;

Dmm J. J., and EvA.s, W. E., Speech interference level and aircraft acoustical environ-
menL Human Factors, 2, 18-27 (1960-61).

Din, W. I., The imnsing of speech by high- and low-pass noise. Tech. Document Rep. No.
RADC-TDR-62-298, Rome Air Development Center, July 1962.

EcAN, J. P., and Wzm-Em, F. M.: On the intelligibility of bands of speech in noise- I. acoust.
Soc. Amer., 18, 435-441 (1946).

rLw, R. G., and WomsTE, J. C., Physical measurements of equally speech-interfering Navy
noises. 1. acoust. Soo. Amer., 35, 1328-1338 (1963).

K]m-Er, K. D., Speech bandwidth comn;ession through spectrum selection. 1. acoust. Soc.
Amer., 32, 547-556 (1960).

YaCRYzn, K. D., Methods for the calculation and use of the articulation index. I. acoust. Soc.
Amer., 34, 1689-1697 (1962a).

Kam, K. D., Validation of the articulation index. 1. acoust. Soc. Amer., 34, 1698-1702
(1962b).

LmPT, S., and M.wmz, M. M., An acoustical comfort index for aircraft. 1. acoust. Soc. Amer.,
23, 478 (19-51).

Mu.zzn, G. A., The masking of speech. PsychoL Bull, 44, 105-129 (1947).
Prcwrr, J. M., and Kxn'in, K. D., Predictioi. of speech intelligibility in noise. Air Force Cam-

bridge Research Center Tech. Rep. 55-4, June 1955.
POLLACx, 1, Effects of high pass and low pass filtering on the intelligibility of spftdi in noise.

1. acoust. Soc. Amer., 20, 259-266 (1948).
Wzmp, J. C., and Ki.oumr, . G., Articulation index and average curve-fitting methods of

predicting speech interference. ]. acout. Soc. Amer., 35, 1339-1344 (1963).
Wsrk=n , J. C., A speech interference noise rating contour. Submitted to Acuz.ca for publi-

cation in 1964.

Received November 21, 1963

140 Journal of Speech and Hearing Rcscarch 7 133-140 1964

Z 7



Reprinted from Tim JOURNAL OF THE ACCuSTICAL SOCIETr or AMERICA. 'No. 36, No. 9. 1662-1669. Septemrbr 1964
Copyrigbt. 1964 by the Acaustkal So ty of A.erk.

Printed in V. S. A.

Relations between Speech-Interference Contours and
Idealized Articulation-Index Contours

J. C. WEBSTER

U. S. Nay Bedroniis Laboratory, Sam Diego, California

(Receiv , 22 November 1963)

A comparison is made between speech-interference (SI) contours [developed from the speech-interfering
properties of a representative sample of industrial (Na-vy) noises] and a set of articulation-index (Al) con-
tours lased on theoretical noise spectra encompassing the most-extreme spectra found among reai noises.
At a lerel of roughly 70 dB [as based on a speech-interference level (SIL) or decibel average over the octaves
centend at S00,1000, and 2000 cps], the SI and .A1 contours agree very well. At lesser levels of noise, the SI
and Al contours pu.-posely diverge because the SI contours were developed to bridge the gap between noise-
criteria (NC) and alternate-noise-criteria (NCA) curves (developed by Beranek to rate both the annoying
and speech-interfering aspects of office noises) and the basic SI70 (SI at 70 dB) curve- The complete set of
A contours points up, as do the SI contours, that as the ambient noise increases t6e importance or pivotal
frequency shifts downward from around 2000 to around 1000 cps. The pivotal frequencyis the frequency that
divides the speech bandwith into two hes, each of which contributes equally to the total intelligibility.
Some potential uses of the basic SI contour (SI70) as a filter network in a sound-level meter are discassed.

INTRODUCTION the masking effects of noise on speech. These other

N an attempt to summnarize the results of studies on studies are cited and interpreted in Rd. 4.

equally speech-interfering noises,W ' a speech-inter- All of these SI contours, labeled S180, 70, 60, and 50
ference (SI) contour was developed.1  are reproduced in Fig. 1. The SI contours at 8D and 70

This SI contour, a U-shaped contour centered at dB represent the maximum octave-band levels of

70 dB at 1000 cps, shows the levels of noise in octave equally speech-interfering, quasi steady-state noises
bands that best summarize the spectrum and levels whose average level in the octaves centered at 500.
of the original 16 equally speech-interfering noises. 1000, and 2000 cps is approximately 80 and 70 dB,

In order to generalize this contour to lesser levels of respectiiely. The SI contours at 60 and 50 dB represent

noise, two contours centering on levels of 60 and 50 dB a compromise between maximum octave-band noise
were interpolated4 between this countour and the 40-dB levels for equally speech-interfering noises and for
alternate-noise-criteria (NCA) contour of Berane Ls noises acceptable for office environments, where factors
And, to complete the generalization, a contour centered such as loudness and annoyance as well as speech
on 80 dB was extrapolated.4 The generalizations repre- intligibility are important. The complete set of SI
sent an attempt to integrate the data on the 16 equally countours bridges the gap between speech-inteligibility
speech-interfering noises with other published data on predictors--especiall- the articulation index (A)-and

the noise- and alternate-noise-criteria (NC and NCA)
IR. G. Klumpp and J. C. Webster, "Physical Measurements of curve that rate the acceptability of work spaces where

Equall" Speech-Interfering Navy Noies" J. Acot So- Am. speech intelligibility is but one of the important factors.35, 1328-1338 (1963). TertoaefrteS otu tte7-Blv
2 J. C. Webster and R. G. Klumpp, "Ati ion I a The rationale for the S contour at the 70-dB level

Average Curve-Fitting Methods of Predictin Speech Interfer- (and, subsequently, the generalized SI80-, 60, and
ence," J. Acuost. Soc. Am- 35,1339-1344 (194. 50-dB contours) is detailed in Refs. 1-3, where it was

3 J. C. Webster, "A -eech Interference Nse Rating Coptoh"
(to be published). pointed ou that there are three ways in which noie,
tJ. C. Webfter, "Generalized Speech Interference Noise Con- have been rated in the past: (1) by measurement with

tours" J. Speech & Hearing Res. 7, 133-140 (1964).
sL L eranek, "Revised Criteri for Noise in Bo "ngs. frequency-weighting networks in sound-level meters,

Noise Control 3, No. 1, 19-27 (1957. (2) by fitting the peaks of plotted noise spectra to
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i663 ARTICULATION-INDEX CONTOURS

families of noise-rating curves, and (3) by band-level 0"09 ,.i 6~a,,, t**c
averaging. It has been shown3 that, if the S170 contour 1

: is used as a frequaerq--weighting network (where it
need be inverted), as a noise-rating curve, and as a . tj

weighting curve ior calculating speech-intezfernce AS*
levels (SIL's), the three methods give very similar
results in predicting the speech-interfering properties
of the 16 equally speech-inte-fering noises of Klumpp .
and Webster.i d

Thi- paper shows the relationships between the SI
contours and a set of generalized A contours, and - -.

discusses some of the merits, limitations, and uses of - -"
both the SI and AI contours. -

L DEVELOPMEN OF JDEALIZMf ARTICULATION- -

INDXCONTOURS

seghof the Al are dLlkyed in a manner that makes0
calculations and manri-pulations relatively easy:".., the _ . . . . . . .
useful speech signal is shown as a dot field beginning at

200 cps and extending to 6000 cps. Each dot signifies a FREQUENCY CYMCES PER sECe
possible 1% contribution to the articulation index. The F-. 1. AI M n fr "onaxsad-e ec sl-'eechhe
field is 30 dB 'high' and the greatest density of dots is at mrra df dois in bach j cta- hand ignisies the reati oe -
2000 cps. The dot field is drawn for an average talker tributiom d speech in that Lond to the AL A scxits ofl kihzed
using 'conversational' speech ffort" (Ref. 6, p. 481). t neeo ises aieh -6-B/od ne re dranr in 'rdB ste-"The nmtber cd dots abm- echl note contmt is propoetonl to

The CFHW plot, which they plotted in third-octave the d con-isationaml4ed memb in thlt kvl o Oxise_ [.Mte
bands, has been redrawn on the bsis of octave bands Cvanaighu d a., Fqg U
lu_ :is S Fig. 2 are drawn a series of contours,
in 5-dB steps, of the idealized spectrum of a thermal noise with a minus 6-dB/oct spectrum slogs The

number of dots between each two adjacent contours is
- ear , ,- a,,as - proportional to the difference in A. It will be noted

I-le-- - that at an over-all level of 88 dB the l equals zero.
The 88 dB is derived by assumning that the noi=se band

-or- T - iddsth cae centered at 1275, 250, 500 1000,
2000, and 4000 cps and that the over-all level off a TX6
noise is 3 dB greater than the ievel in the octave with

- -- the greatest level-in this case, the 123 cps octave.- Al's
of 0.2 0.5, 0.8, and 1.00 occur at over-all leve6 of 77,

o 68, 58, and 48 dD, respectively-.
- -" A similar rdation between over-all le-.-6 and AI can be.0-70 determined by uing the method shova in Fig. 2 with

az
- - - - - - idealized nois-specrumslopescof -6, -9, and-!2

dB/oct. From this type of information, Fig. 3 has been
-compiled. Figure - is a plot of the M versus over-all

-~~ noise level for various theoretical noises. Three different
sOA-40 Sol over-all bandwidths of noises are plotted on the

abscissa: (1) to the extreme left is the over-all level
o-0of noise in the octave bands centered at 125, 25C, --

- 4000 cps; (2) in the center is the over-all ie-el of noise
ain the octave bands centered at 500, 1000, and 2000

cps; (3) and at the right is the over-all level of noise
FREQUENY 0 CLES C ER SECf in the bandwidth irom 600 to 4%0 cps (or for octaves

Far. . SI contours (i'n ding the NC O ndlNC3c an-s centered at &50, 100, and 3-00 cps).
of __ea . It is evident from Fig. 3 that, within the general

region of Al's from 0.2-0.S, all noises except the
Waues, .S '$Cc Pr.-ac in Bumnr ," ,J. . aS .oc. = 'Boct noise have the same general slop of M
34,475-492 (19c). core versus over-all levels cf noise, regardless of the



APP4M'TmE SPUCH TO XM PAT (octaves centered aroumd 500, 1000, and 2000 cps) and
t- -o o o ' - deemphasiz f requendes outside of thi region.

-> aspects of speeh, as formultated by French and Stein-
o, ~~~ b g -. e s and by Beranek9 from many istening tests. The

all ! importance of the 30-B d Tmamic range, the 200- to

5 /' q -peech intelligibility of speech frequencies around 2000
/1 g cps are amply displkayed by the CFHM% dot-pattern plot-S. ,,7-! _ Thepropertiesonoisethatraskspeechcanbedis-
"' played by plotting in other forms data derived from
I ' Ij plots like those in Figs 2and 3.1/' 7 1 Figure 4, for emmple, is a plot of the spectra of the

/ ,,4~Z' A~5~ . I j ~ idealized noises at levels that vield an AJ of from 0-00
"to 0.03- That is, noies with spectra of-

d. / ,p ' sflat, and of6-dB-1oct -opes at the levels shown in Fig. 4
PBo- will set the intelligibility of conversation-e-el

oclhred to zero. If the over-all lvels ar lowered to theC"VP, NO= LV- M * C03CMM" levels shown in Fig- 5, the AT is increased to 0.2 which
= -.C PSo aw-zC24o CPS 50 for con-erwtional-!ted speech, would allow 507,0 of

with id w speaum slopes of -12 -9, -k6 a~t, and -6 ,PMo Oft".,,S a.-, , ,M..tc

that ndude at the 14*: as the aa%-ts cnmt ed fucn 125-4M
; cmir: octaves ent-- d at 5MIzO1. 1 nd 2000 cps; and to

3M0 qs).

bandwidth in which the over-al! i c o nise is 0 - 4
measure. As compared to the other -Amisc -- ectra, 0

the +6-dBfoct noise showts a slort- i-ncreas'-- in AT. so
with derng ld of noise- Da to support this :
fact. have been shown by Pickett and Krvter in Fig.1 " T

of Ref. 2, where it can be no!ed that, for assumed speech
levels of + 10 and +20 above reference spetch level, the -+

.Ms for the predominantly high-frequency tpe of-t
no (typewrite-, T-N +6, and jet) increase much less a, I
than for the other noise-s. o A

It is also imnmediatelyv evident from Fig. 3 that rzduc-
ing the bandwidth in which the ncise is measured from 0
octaves centered at 12, 250, --- , 4000 cps to octaves 40.
centered at 300, I000, and 2000 ceps) reduces the spread 0 so S S * " ___

in the noise Le,-%ls for an equivalent A -alue. It can FREOUEI CYCLES P"W SECD

also be seen that, if predceinantiy high-frequenc-type Fac- 4- S=nxjrssrt lewd in ocu-e b=& for am Al be.twe=
nd- ap ict 0.00 ad 05 for c=-rab3zt= nkd speec h. 11 p .t :, tbphnoises (+6 dBioct) are to be incluided in any predicti v e of an id=Ed x ise speczmm of -12. -9, eft, and 46

scheme, the bandwidth centered on octaves at 500, dB/oa (ftwed on a p e r-9-6=.-3. +3.
1000, and 2O-0 cps is -aperior to the older SIL-calcula- and +9 dB/ba as poted bere ou an octaie-j-e basis). -e
tion banadwidth of 600---O cps. Of cuurse, si= the o"-rD k.e of the noEd c= be tsd--ated k herlt-Io - 0O dB to

the greAs octave-and lerd of 'be +49-dB/oe., 1.0 dB to the
majcrity of everyday noises predominate in low- g atest ctam-a kNd of the -6-dlo a=d 3.4 dB to the
frequency sounds (are not of the +6-dB/oct t)pe), guatest * =%xband k%-d 4 the =L3/oca (on oarae,% dbasi) nasc Cakx&6= are ba an the CartIA -- d 4L6
the 6o- to 480-cps band works well. The results shown da-u yc; C e aBsl d oo AL IS t Fg . s
in Fig. 3 sggest, however, that the gneal rule for bere-n =Pf -Or ese of =,-aiso.
prdTainm speec dicrim into o speech mashed by
noise shmd emphasie the middfq-ency regions ,X. R. French and j. C &.b. ".- Tws C, -,. -

TWCMPI-bip y of Speech SWc=s," J. Ac-.s Soc. A=. 19, 93i-119
1.31. aett amd K 1. Knyter '$resaion of SPeech Intel- (1917)

L r i XcsE~o AF C~bexe Re. Cm To&. Re-pL 5-4 'L L E=nck, "Ybe Design d -pe C-mnn3,tion
Uu-n.e3-% 195)). - S Pcrn," I IRE 33, (1917).
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PE pnetica1Jy balanced) words to be cortly recog- eC2q ,.. U C ,,
nized (acording to Kr)teru Fg. 4). Similary, suc- "
ci- decreasing the eveLs would result in an Ml of 1

0-5 (Fig. 6), 0.8 (Fig. 7). and 0.95-1.00 (Fg. 8). Fgure : ,E i R-
9 is a composite of Figs. 4-8, with interpolation, to show I -

the ma3nmum leel of noises of -arious monotonic __a_
spctrum shapes that would yield the designated 9 -a-

Al's for speech at conersation leveL o _ .C

Because Fig. 9 is derii.ed from theoretical and wono- •
toni spectra ndses does not limit its application to %
these kinds of noises. As has been pointed out earlier -9

in this sekis of papers,2 to get the best predfixtive value 3 - -

out of any set of rating contomi the contours shoud -s
average through spectra, t are irregular in shape. _
And, for predictiog speech intelligibility, this a.erage
should center on the octaves centered at 500,1 000, and
200 cps. A peaked noise spectrum, like vie babble or i so-
a diesd engine, Aould be fitted such that the point of 0 !
the peak overshoots the contour enough so that the I
deviatims o the noise specW= from the v.o'-ntiT
atM ill average zero at the frequencies 00, 1000, f a r M ft*
A M20 cp0 . When used in this -nunter, the AI on-tours in Fig. 9 can be usedfor noises that occur most wmvzsfio=21!kv e speech- The i=ens an a 03 in

ccvzxly .. And, of cours when sed in this maner the FWg. 4L "re SIMO wc iom ih=t Fig. I his been =.=pored
c0ateiAs are actua-v beig used as a graphic mreans of ft
finding a SIL based on octaves centered at S00, 1000,
and 200 cps Regrdess of the fat that they%- can be us-d on most

neiss the shape of the contours in Figs. 4-9 are deter-
mined by the ectriam slope of the noises used to

99m ft 6.CU MU vit 9 m*i~~-- 1  1 .11i i - - C1

Ii

. i ,_",,,,,,,,,,1_ ,. . -/uG"3!_

a it
80 L I V

Feru & jten d iU actave b an a0 *%M M -- 0i " ta4

spc al a=inar s&:Wi

Fj -TeSM o~Tf=Fg r en I Soapc kw *m Mum ta iv az 1M

ew cIa ada spe The -bspae s= are azte ia

taied iz Fq 4, !kpes of :!=A =!DA *-40, and i-50 dBcl(an F-A& 4. 'The NCAIO cwic frccni- a be= n =:c=
~etae-%6i ) arxe to in z pka- for C49C of ~n~ The Ivoiccz=ns ,. t is a comit-

________ esiimste=41 of =V 00 SPL ze turtsbaDM ofn~z~ The st1
~~~~LC- C.Lts~~~~sOE +2c. +A0 a--I -.- 0 dBfcc --=a3
r.-D. Va~ziot e th Arcdaimi£ndxr bjased binds ef nose it b Z-4 enr

J2..Aows. Soc. M.n. 34, I691-127 (1962). *u.mg loan
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- - - On Fig. 9, it is apparent that as the increasics from
0 to 1, the crsoer (or minimum value) frequency
shifts from about 630 to about 2500 cps. This again is
not dependent on the limiting slopes of the extreme-

S noisc spectra. Had the theoretical noises been limited

-AJl 0.-IL0O Ito flat thermal noise and -6-dB/oct thermal noise,
0-__- the same shift upward would hav.e been eiidenL. Note,-12 ~~for example, w f the "flat" and "-6?' noisscrs

0 Fi g.5-.7, representing AI's of 0; 0.-5, and 0.:
namelv, at about 1000. 1500, and 2000 cps, re.pectivcey.

-Although noises with s-lopes of 30-50 dB/cct are not
So common noise-induced bearing losses occur with such

+6 extreme s ones" And h i-frequenc" hearing Ises limit
o-j. - the hearing of lo-keve high-frequency speech sounds
z

I RAT in mnuch the same war as a high-passed masking nokie
In Fig. 7, therefore, a seisof 3 lines representing
nois- spectra that would Foduce simulated hearing

0 k wses at rat s of from 30 to 50 dB/oct isdrawn in at the
posifion in frequency that. would correspoind to an AM

* " " = S 6 - of OX A curve .epresmeing a conservative estimate
SPER Sof the so essur levels for the thresho4d of audi-

FuG- & Soan-piesiuie k%-d in odlaxe bazds fc w~ a-- -~U bt
0.9% and LOD for c=% z6DxI4rvd sud em 1-be1

a- Fi I is4- Ch 00

generate the datm Therefore, it should be- considered U
whether the - 12- to +6-dR/oct slopes, encomnpass most

c Mmh,"-jccurrg noises, and/or what hap ens to so
the ccntoiu if more- or iessexrzm~ slopes are chasenm
The - 12- to +6-dB/oct slopes certainly seem to cover
the =M- -of natuali occurring noises re~ported in
th literatue, at least tome reported in the rtefereco
in tis paper- And, cca for specific cases-- cfsisod

IHowever, to get an idea of wIat changes in contour -

shape woul ocw= if me-e-ztem noise slpswmr
encOUntered, ccnsier soe of the detans in Fig. 5 in '

which the gannut df sloes is covered. To define the DOlimit: a high-frequency or hih-passed noise with an i l I inite slope (vertical cuof-) would %as ve % ,. "l

through a frequency Of SOD cps; ani infinitely slped

the frequny 250 cps. That is, e2 of the dots in the ' A • . .
CFHW dot-pattern pot lie at or below S(M cps or at WF -- t CT PMR S
or above 2-500 cps. Slopes from ro-ghl- E-20 to ---40 A -am tAr . -- .
dB/oct center between 1000 and 1250, as do the more 9. AU
gent lhy loped noises So it is not so much the slp of f&A 9.umA . d -d. ,, IdCIl oc+,e
the noise spectrum but the ralue of Al that determik-nes w -. asi zrx-:6toci (CMasruem-
the center freqicqy. CX oxrt. - ultizatel it is zhe t ! 1 , k o " tL h. CC=~r ui-U V y I=a*L6V I!-- Ml Ice mXQC-
chmctemszics Of smech that accunt for i, 3*nOt SD c1y~z cc &c = ise sic!s. tat uwI be in -
much the speftch spw==n but ffie width (actuaLy the __msmPksc -Mi I ve= 7.c
ixarowness) of the bands that contrbut eeazu to the 2-317~y hoi t PC03e a~d iazers CE The
intellilit of speec (the conccniratiou c ot on- M ~ axijmo we %- the' i a
Fig- 2). ~- 1 M- 3it0; 9 eeFm 4 -
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bi "itv u is also drawn in Fi-. 7 so that the 30- to 50- i'- - - -- -- "

dB/oct slope can be roughly interpreted in terms of..
hearing level (-Le., oss from norral hearing). To the h -
ext1t hat hearing level can be simulated by naskng
noise of comparable leel it can be seen that the Al I
scores. of 0-8 can theoretically be acieved by persons
with (1) normal hearing up to 10(%J cps and simulated ,j
hearing losses of 15 dB at 200 cps and 2S dB at I jj-
cps, or (2) normal up to 1500 cps and losses f 10 dBZ

at 2000 cps and 45dB at --000 ' p or (3) (by definition) I
norma] up to 2500 qs and an infirite less above 2-W

given Ie"% of AU Note, for efampl, that the SIS0 andi

S170 c~ oxids quite closely to an Al of 0.2. The
agreement of NC[40 to an AU of 0.S an NC30 to an .AL-I.00 is not neary as goo and it was ot intended AIV -*, W4

that they.. should agree.ls Lahter INC contours axe- F-r 10. Nonz s-ihtxu- an PB word soc for given Al's

for rating, the acceptability of offs wher _speech fr :e data. -J. -Pi&eat and L Po~ia J. Aco__,L Soc...A= 30.5:5-96 (195S)- Kmter Mxe (Ps.voL Bu 2-.,inteligbilk is o- me a.c-. of the total nois eS--O JJ F.L-=. S.,
environmexiL 18, 435-44i (1916)3, and and Sleinbesg. as summaized

In sumtmary, it is quite ev'.ident that the SI contour by Y-syw D

(derived from experimn~tz rcslis) and the A! con-

towrs (derv frm u ideali=d noise spectra and the account of the phiical levels of filtered but other wise
CFIHW display of the A! formulation) agree in many unprocessed speech and noise and reduces to one param-
details; the agreement would be i-tipreved by inter- eter (Al) a monotonic, low--ariance, band-limited
polating a few more SI contouirs. This should :ot be toe predictor of word (or syla-ble, sentence, etc.) intel-
urprisi, in much as the Al formulation a!, well as ligibili -. However, lie also collects into one paper

the SI contours were based on .expermw-tal listening the data to show that for any given Al the PB word
res lts. The degr : em of agreenxt could be improved by score or nonsense-sIlable sor-." varies over a 405
intexr.!atiag, a few more contoum in the region between range (see Fig. 10).
the NC30 and the 5160 contours, by reexploring the Earlier, Uckfider hzd also summarized the dis-
statL-4ics of occu-rcrce of naturally occurring noises, or crepancies between erpermen.atal data and Al pre-
by essentially rerunning the 16 original Khimpp and diction; he stated, "When comparisons were made
Webster noises at o.hzr lev-ls o. speech and/or noise btween two spzech communication sy-stems with

/or inellgibity. The- agreement is not intended to equal (computed) articulation ir-ices one having
be p i cct in any c--se bcaf-.e the S150 and 60 conteurs high cpeech-noise ratio and low bandwidth and the
are exmt to be interpolations between the NCAO other low speech-noise ratio and high bandwidth, the
NCA40 curves rfior an idead (NC,0) or nearh- ideal wide-band s ,te .,lly trned in te better measured

.,(NC-40) tunnm=et]J and the SI70 cnntour known perfonnnce." Concerning the important. or center,
to predct speech intelligibility well at relatively high frequncy for high- and low-pas- Qtered speech in the
(for offces) noise *c-es. Howevcr, the agreement, as quiet (which is Uario ." isted as being between 1600
faras it now go, between the AI and SI contoursshows and 19M cps and is he frequc,- that divides the A1
that the A. formuLdhon (based soley o t- filtering d into two equal parts), Licklider reiterates (from the
speech) does hold within crain limitations when dua of Pollaeku ) what has already been demonstrated

to ,_-u= aed p c:ta.-h" in this paper and in the Klunpp and Webster

Lp ,' on which it is based, that.'ln the tes!s in which
masking and filtering were combined, the high-pass

T-F next q,,s-j s,. -Aj 'o
me• n s. "wat are the& rengths and and low-pass functions did not show tht ki-d of

weaknsssof The Al?" Krter'- has shown that, s.-nmety "ust da cribed: nanely, around a certain
within the data of any oe experienter (or any oc-e
group experfinters), the Al ver ni key take = J. C. IL LidB&7, -rf Auu. -- . Thsdes," in Ps w. &:

"_"_.4___A St zq S. Ko, E. (.,cG.'=w-1 Book I(. Inc,
.e . rYrk. 1959 ).

=.C L Uazd. in P --- M 4jir~ Ps~ac'ebp. 0 L Ptck, ' Ectas eg Eriga Pass and Lo-A "ass Ritesi- on
s. S &Crens. Ed. (Uc Uiley ik cSOS Inc., Neirw Yeak 1931) The IZZIMiLimy C1 Spc in Sadse;," 3. Acv. Sc. Am. 23.

Map. % p-9A Fg- &2i9-266 (i9&5)-
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frequency of 1600 to 1900 cps. The discrepancy was built to the inverse specifications of the S170 contour.
marked." The point of s--ametr" shifted successively When used in a sound-level meter to measure the 16
downward in frequency as the speech-noise ratio equally speech-interfering noises of Klumpp and

deteriorated. Concerning the relation between Al and Webster,' it gave more-homogeneous measurements
different speech materials, Licklider states, "We have than any existing sound-level-meter filter network-3
been assuming that the articulation score for each Or, restated, it appears to be a good network to insert
category of speech material had its own fixed relation into a sound-level meter if the SI effects of noises are
to articulation index. ... But when Hirsh, Reynolds, to be measured.
and Joseph(1"J plotted their word scores against their A pencil and paper calculation has been made to
nonsense syllable scores, they found that they had to determine if this "speech interference" filter used in
draw separate curves not only for the various categories conjunction with the already existing '"A" network in
(numbers of syllables) but also, within each category, sound-level meters might predict the acceptability of
for filtering and masking." Finally, concerning the the noise environment in a potential office. This cal-
relation between AI and different spectrum noises, culation used the noises and rationale of Beranek s in
Licklider quoted the results of Pickett and Kr'ter7  the development of the NC contours. in his paper,
to the effect that for four different noises the intel- Beranek (Ref. 5, p. -3) concludes that, "A majo.ihv of
ligibility- scores for equal A scores fell along four the [office] personnel object to a noise whose octave-
different curves. b)rd levels at the low frequencies exceed, for a given

Briefly resunmarized. the deficiences of the AT are SIL [speech-interference level, decibel average of oc-
that: the frequency and level bands are not linearly taves in the 600- to 4S00-cps range], the -alues given by
additive [as Licklideru states, "...short fat (low the NCA curves, even when the SIL is low. .objections
S/N, wide bandwidth) regions... yield higher scores occur whenever the LL-minus-SIL difference exceeds
than tall thin (high S/N, narrow bandwidth) regions 30 units."
of equal area..."]; equal l scores yield different These observations are supported by data in his
speech scores dependent upon (1) the types of speech Fig. 5 (Ref. 5), which are summarized in this paper in
materials" and (2) the spectrum of rhe noise'--; and Table I, columns 1-5. Column 1 lists Beranek's 8 noises.
the "importance frequency" lowers with adverse listen- In column 7. a B represents a noisy room "before"
ing conditions.u sound treatment; A designates "after." Columns 3-S

Although Kryters has added some corrections to are taken dUrecay from Beranek's Fig. 5 and super-
minimize certain of the deficiencies of (and to e-tend script "a's" indicate rooms judged unsatisfctor" before
greatly the usefulness of) the AT, certain deficiences are (LL-STL>30) but satisfactory after (LL-SIL<22),
still inherent. It is, therefore, not a condemnation of on the basis of the LL-minus-SIL criteria. In coluns 6
any proposed tem of estimating speech intelligibility and 7, calculations based on the s-ctra given by
that it does not agree completely with the AT calcula- Beraneks are rade for A weighting (column 6) and
tion. In any case, in the region of 0.2 AT where the SI70 S170 weighting icoluamn 7). That i% columns 6 and 7
(SI contour at the 70-dB level) was based on direct are the best estimates of what a sound-l-vel meter
dat, - the agreement between Al and SI is very good using A and SI70 weightings would have measured.
(see Fig. 5). Of course, part of the agreement is because Note that ". general if tISe difference between columns 3
the theoretical noises chosen to plot the Al contours and 4-namely, column 5- is equal to or greater than
(Figs. 9 4-9) encompass the spectra of the real noises 30, the difference between coiunms 6 anti i-nar,..v,
of Klumpp and Webster' upon which the basic SI column S--is eqna' to or greater than 5. It would appear,
contour at the 70-dB level (SI70) was developed. Ani therefore, that if a sound-level meter had two weighting
the rselatively large discrepancies between the AT and networks available, A and S170, a preliminary judgment
the SI and/or NC or NCA curves at lower levels of could be made as to the acceptability of the noi_.e
noise in Figs. 6-8 represent a deliberate compromise environment of a room by noting the difference in
betw:en the speech-interfering aspects of the noise and reading between the two.
its budness and annoyance aspects" Bermaek (Ref. 5, p. 24) warns, "It is nol reommended

4hat A-scale readings be used in sp~cifcations because
1I. POTENTIAL USES FOR THE SPEECH- fke same A-sca. reading may be obtained for a ui.de

INTERFERENCE CONTOURS niridy of shapes of sedcra. Futhermore, Ihe eightd odare

it is too early to determine :he usefulness and limita- bands r esu ry in oe ngincering design of noise

tions of the SI contour. A few uses have been found. control murcs and no single nunber can substiwe.

For example, a frequency-limiting network has been By using the difference between an A and an S170 scale,
some of Beranek's objections to a single number are

x L J. Tru* E. Q Reynold5, and If. Josepzi, "Inteliimi-lit- ef overcome. Ad, since the S170 scale discriminates
Diferet Speech Mateials, J. Acust. Soc. Am. 26, S30-539 a-ainst both low and high frequencies more than the

-K. D. Kryter, "MIethods for the Caklation a rase of the A scale, some of Beranek's objections re "... the
A.tlaion Index," J. Acoust. Soc. Am. 34, 1689-1697 (1962). same.. reating. .. for a ide variety spectra ..."

I . a M- d y o
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can be discounted. Both high- and low-frequency sounds TABLE I. Noise ratings in dB for Beranek's 'Nois! Control 3,
No. 1, 19-27 (1957)] eight office noises. LL: loudness level. SIL:are judged to be "annoying," though they are not speecn-interference level. A, S170: calculated sound-level-meter

particularly "speech interfering." There can be no readings when using an A or an inverse S170 frequency-weighting
objection to Beranek's statement as to the necessity of a network.

complete eight-octave spectrum for noise-control pur-
poses; but, for preliminary survey purposes, potentially 1 2 3 4 5 6 7 8 9
objectionable noise environments may be found by NOISE LL SIL6-48 A A S170 A SIL3-24

sound-level-meter measurements alone if an S170 scale a B 73 42 31& 49 44 5 47
is added (perhaps to replace the B scale). a A 64 41 23 46 43 3 45

A 9 1 3 1 2Beranek (Ref. 5, p. 24) also points out the obvious b B 71 48b 2 52 50 2 51
fact that "Complaints were also registered (room f) b A 62 40 22 45 41 4 45
[Ref. 5, Table I, noise f] when the LL-minus-ST. A 9 8 7 9 6

r B 64 29 35' 41 31 10& 38
difference was less than 30 units but the SIL [6O- c A 46 25 21 30 26 4 30
4800 cps) exceeded acceptable values." Noises b and f A 18 4 11 5 8
marked by :uperscript b are examples of this, and d B 59 29 30' 37 32 5 34

d A 50 28 22% 35 31 4 31
acceptable improvements occurred when the SIL values A 9 1 2 1 3
(column 4) were substantially reduced. The same e B 69 34 35% 40 34 6' 38

e A 55 31 24 36 32 4 36improvement could be measurcd by substantial reduc- A 14 3 4 2 2
tions in A of S170 scale readings (columns 6 and 7) or f B 82 55b 27 60 55 5' 60
by an Sit based on the octaves 300-2400 cps (column f A 73 47 26 52 48 4 52

A 9 t. 8 7 8
9). g B 75 41 34& 55 44 11 51

It is interesting te note in comparing columns 4 and 9 g A 57 32 23 37 33 4 35
(Sit's based on 600-4S0 vs 300-2400 cps) that on the A 18 9 18 11 16

bs B 57 i5 22 40 37 3 41
average the 300- to 2400-cps SIL's are 5.25 dB greater 1 A 54 30 24 37 31 6 36
than the 600- to 4800-cps SIL's, which implies that A 3 5 3 6 5
"typical" office noises have a spectrum slope (when
measured in octave bands) of about -5 dB/oct in the * Judged unsatisfactory before and satisfactory after treatment.

speech range from 300-4800 cps. And, significantly, bjudged unsatisfactory (because SIL is too large).

the acceptable ones slope -4.5 dB/oct and the objec- or if the difference between the A reading and the SI70
tionable ones, - 6 dB/oct. This 5-dB difference between reading is 5 dB or above.
the 300- to 2400- and 600- to 4800-cps SIL is not Until such times as some data are collected, using
typical of all noises. The difference was only 1.5 dB for the whole series of either the AI contours or the SI
the 16 ship noises (Ref. 1, Table 2) but was 2.5 dB contours for rating noises, no statemcnt can be made
when a weighting was added to correct for how often as to their practical usefulness. The value of their use in
the 16 noises probably occurred in a ships' environment, better understanding the relationships between noise

Other comparisons on Table I show the S170 weight- spectra and levels and the masking of speech has been
ing to read on the average 1.6 dB higher than the SIL he purpose of this presentation.
(600-4800 cps) and 3.6 dB lower than the SIL (300-
2400 cps), which makes it a pretty good prediction of
the recommended compromise SIL based on octaves
centered at 500, 1000, and 2000 cM. 1.2  Grateful acknowledgment is made to I.. S. Gales

Using the data of Table I as a ttrst approximation for and R. W. Young, who have offered constructive
setting criteria using the A and the S170 network, it criticism in all phases of thi3 study, and to R. G. Kiumpp
would appear that the noise environment in an office and W. E. Green, whose painstaking work on the
will be judged unsatisfactory if the sound-level-meter original experiment makes any conclusions on these
reading using the S170 filter network is 50 dB or abvie further analyses more meaningful.

_ _ _ ~_ _ __ -~i
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I
Important Frequencies I C. WEBSTER, PhD

In, N oise-M asked DIEGO, CAIF

Introduction ing "disability" as the most noxious and

When is a hearing loss an impairment, a sufficient "to reduce one's earning power."
handicap, or a disability? What is the dif- Whether compensation was payable upon
ference between impairment, handicap, and the discovery of an "impairment," proof
disability? When is monetary compensation of a "handicap," or only when a job change
due if the hearing loss has been caused by was necessary ("disability") was not dis-
military or industrial noise? These problerns cussed directly since these were medical
were discussed at the October, 1963, meet- men and audiologists, not lawyers and in-
ing of a symposium sponsored by the dustrial (labor-management) representa-
Xati imal Research Council-Armned Forces tives.
Committec on Hearing and Bio Acoustics The question of how best to measure and
( Ci IAIA), which was chaired by Hallowell quantify the degree of hearing impairment
)avis. for speech was discussed loud and long

Many things were discussed, but Dr. with two points of view being represented:

Davis tried to bring some order out of the present method, and a proposed change
chaos by proposing that hearing "impair- sponsored by Dr. Karl Kryter.
nient" be considered the least noxious des- Dr. Davis traced the history of the present
cril)tor and be used to define a "defective method of calculating "hearing impairment
ftunction." lie then defined a hearing "hand- for speech" from the average of pure tone
icap" as being sufficient to "reduce one's losses at 500, 1,000, and 2,000 cps. The
efficiency in daily living" or put one at a total history behind this system dating back
social disadvantage. And he defined a hear- to Dr. Harvey Fletcher and Dr. Edmund

Suidmitted for publication Dec 24, 1963. Fowler will not be belabored here. Suffice
United States Navy Electronics Laboratory. it to say that the present method was ar-

Vol 80, Nov, 1964
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rived at k" the Committee on Conservation neither nleasures "everyday speech" in
of I learing sponsored by the American "everyday conditions."
Academy of Ophthalmology and Otolaryn- Kryter 2 stated that his ". recommenda.,
.l ogy (hereafter referred to as AAOO). tion [of a 1,000, 2,000, and 3,000 cps fencej

The AAOO committee started on the has the support of related studies [of Mil-
premise that "lBecause of present limitations lins and Bangs I and French and Stein-
in speech audiometry, the hearing level for berg 'I and is contested only by those
slpeech should be estimated from measure. experiment, [by Quiggle, Glorig, and
ments iuade with a pure tone audiometer." Summerfie]l,11 and Harris, Haines, and

l)r. Kryter presented the data from two Meyers7 I in which . . . threshold . . . tests
of his recent papers 2 3 to support his ... for ... words ... were used."
reasons for a change in calculation method. The discussion at the CHA13A symposium
In his recent paper,2 Kryter recommended took four forms: criticism of Kryter's
"that the impairment due to nloise-induced paper, presentation of contrary evidence, a
hearing loss for the understanding of speech discussion of where on the impairment-
be estimated from the average hearing level handicap-disability scale the results of all
at 1 ,000, 2,000, and 3,000 cps." Remember studies fell, and how indeed does one meas-
that the present (AAOO) method uses the tre "handicap" in particular.
average pure-tone hearing level at 500, This paper is not intended to be a cora-
1.000, and 2,000 cps as the basis for deter- plete transcript of the CHABA symposium
mining imlairment for everyday speech so o two aspects of the disdussion will
under everyday listening conditions,' for be pursued: Some general criticisms of

all typ~es of hearing losses. Kryter's experiment and some data of my

own (which were also presented at the
Kryter's Rationale CHATIA symposium).

The actual content of Kryter's CIABA
presentation will not be repeated here; it is Speech Discrimination vs
well documented in two papers..2 3 O1l1 Speech Threshold
his hypotheses and rationale will be dis- One of Kryter's major hypotheses is that
cussed. P13 tests are more typical of, or at least

Kryter's 2 hypothesis is that evidence for better predictors of "everyday speech in
the 500-2,000 cps "fence" is based on speech everyday environment" than are SRT tests.
threshold tests (usually called Speech Re- In a factorial analysis study of speech
ception Tests and abbreviated SRT), perception, Hanley 8 did indeed find separate
whereas it is speech discrimination tests factors for thresholds (including 500, 1,000,
(usually measured with phonetically bal- 2,000, and 4,000 cps tones and sentences,
anced word lists and abbreviated P13) which spondee, nonsense syllable and PB speech)
are important. Actually it is neither PB and for "resistance to distortion" and for
discrimination nor SRT that is the crux "resistance to' masking." Both of Han-
of the matter, but, as the AAOO committee ley's "resistance to-" factors included tests
states in its report, "[it is] the ability to which made "normal ears" hear speech
hear sentences and repeat them in a quiet as it might be heard by partially deafened
environment [that] is taken as satisfact6ry individuals. Solomon, Webster, and Curtis
evidence of correct hearing for everyday also found separate speech threshold factors,
speech." There is no argument that speech a "distortion or masked" factor, and a
(PB) discrimination at supra-threshold distraction (selective attention) factor.
levels, and especially in a background of Peculiarly enough, the speech threshold
noise, is a far more valid test of speech factor included sentences, spondees, and
intelligibility than is speech threshold, but nonsense syllables but not PB words,

I'bstcr
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whereas the miasking factor inlude~ld I'll diction of IT c, . In the third sample
M w~~~ords. but not spo'idees (tile basis of SRI' IT. - cure in the non-test ear . ..- wa

tests). Neither d -e I Ianley nor the Solo- hest. Althoug~h Eliott (1i( not correlate aver-
mon01, Webster, anti Curtis t' studies had age loss at 500. 1.000, and 2,000 cps or at
hard-of-hearing subject--. but the test bat- 1,000, 2,000. and 3.000 cps with IT score iii

teries included] tests which tempo~rarily made her original report, she has subs-equently
normal hearing subjects hear as it they' done so.'-"-She finds that, "Both averages cor-
were p~artially dleafenedi ini one forn or relate negatively with I'B sce-res ... (and) ...

another. this negaiive correlation is significantly dif-

In swdties where bath norw~al and( hard- feretit fromn zero.---She further finds
of-hearing subjects wvere used, somlewhvat that, "Prediction of PR scores for listeners
different results vbtain. Ros-s. Hluntington,1 'with inornal hearing is not significantly dif-
Newbv, atid Dixon "~ studied the relation- ferent front zero for either average." fin
ships between 1pure-Otie audirometric mes general there was no significant difference
tires and P13 scores for groupsi of imorilil between the coefficients of PB score vs 5030.
aind sensorineural subiectsA. They included] 1.00. andI 2,000 cps and PB score vs 1.000,
tests of difference li-men (DI.) iu~r initensity 2,000, and 3,000 cps. For one of her ten
and frequency but found that ".- .- the only groups, however. a diafference betvween 0.66
factor which appeared to be reated to slpeech WEB '-s 5W0. 1,000, and 2,00) anti -0-78
intelligibility was the extent or configuration (PB vs 1,000. 2.000 and 3,00) was sig-

of the hearing loss." They further added nificant at the 0.05 level of confidence. There
that "the subjects with miigh-irequency hear- is here, therefore, a thread of evidence fa-
ing losss(ennsrtdlssrltv effect of voring the higher frequency fence.

noise upon their discrimination scores than
did subjects wvith flatter pure-tone ifireshold Critique of Kryters Data
configuration;-Y The Kr-ter. Willims and Green 3'pae

Mullins and Bangs 4 cm-rela!ed come on which -Kr,-ter 2bastes his recomnienda-
measure of the iteaing levels at i00. 1,000, lions does make connrable measures. H-ow-
and 2,000 cps to PB scores and found a ever, there is one potentially weak link in
high correlation. Uniortunately. they did not tha-t paper 3 which throws 'an element of
correlate PB sco,.-es with the masking index doubt into the generality of the conclusions.
at 1,000. UMCX) and 3,000 cps. This sa3me The potential weak point in the Kr-tter.

s udy dds ho thaorn-i n ttlef 1 W ill'-inms. and Green 3 paper has to do with

sll o rater 3t00acn to beweunerically the corretation technique uised i.n arriving at
e.glygetrta htbtenP an the conclusions. A correlation coefficient de-

2,000 cps- and' for this rinason this study is pends criticaily on the range of values stud-
n-. 1w - :r as supporting the 1,000.

oue-.. 11 ~ied. It is apparent fron, Fig 1 of Kryter
ZOL3. .000' Cps fene. ct Al L I which is reproduced as Fig 1; in.

Neither of the-cc studies in them eives sup Krvter z) that both the range of hearing
port either the 300, 1,000, and 2,000 cps or losses anti .I&- number of cases with large
the 1,90G. 2.000, and 3.)O cpS fence since hearing losses are less a' frequencies b~eiow
within any single set of data !he twAo fence~s 2,000 cps than for frequencies above 2,000
were not compared to each other. -cps. For this reason alone correlation co-

iElliott 1! correlated PB scores to many efficients ietiucen anything and hearing lev-
other audiometric measures including SRT els of 3.000J cps and above will be numerically I '

scores and the degree of the difference in larger than correlations of the same thing
hearing level at adjacent pure-tone fre- witl; hearingr levels of 2.009 cps and below,
qiuencies and found that for two of her three since the magnitude of a product-monment
samples -- SRT lv-- as t.he best single pre- correlation coefficievpt reflects to a1 get ex-

Vol M, Nor, 1964
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tent the range and number of cases distrib- ;: typical of noise-induced hearing losse.
uted throughout the range of nieasurenient. then the criticism- is not 1articularly %aid.
Thi: -,ne reascning could explain the one His method, as he shows, is optimal for the

case out ti ten in Elliott's 12 data where the minpl- he studied. But since the method of
1,000. 2.000. 3.000 cps correlation with I'T th, AAOO's Gnnittee on Conservation of
score --as significantly greater than the cor- Hearing is to encomlass all types and shapes
respomling 500. 1.000. and 2.000 cps cor- of hearing loss due to any cause, the data of
relatiun- Krvter et a. 2 should be generalized xith

Krvicr ct a are a-are of this artifact caution.

and they l-oint it out in comparing their data Although the Krvter et al ample may

to those of Harris et al, who gel much reflect the distribution of noise-induced
higher correlations between spech thresh- hearing loss, it does not necessarily represent
old tr t- andi the frequencies 500, 1.000, and the distribution of all kinds of hearing loss.
2.000 qts than the frequencies 3,000, 4.000, As a general sample from which to draw gen-
and 6.000 cps. Kryter et al ' say. "TheSe erai conclusions, it is not well distributed:
lifferences in resuls could be at least partly There are essentially four groups. losses of

t-xpL med on the basis of differences among 30 db at all frequenries (1) of 500 cps and
uliects f . . for example some -)f the sub- above. (2) of 2.000 cps and above. 3l of

jects of I farris et al 7 suffertd hearing lo1ses 3,000 cps and above. and (4) of 4.000 cps

that were more severe than any in our group and above (or out of the range of interest).
of listeners." There is a gaping hole in that no group quali-

if Krvter's recommena(Ltion is confined to fics with loss-es at 1.000 cps and above- If
nois-e-induced hearing loss subjects and if such a group existed, the groups would be
the sa lie he portrays (in Fig I of ref 2) sv-mnetrical around the center of the dis-

Ii ,



498 A4RCIIII LS OF: 0T0L'_1RYXi #-()ot;)

pute. namely, 1,000 and 2,00YI. Then averag- average but litWer lte fence from 13 db to
ing in either 500 or 3,000 would give some 5 db. wihich i-;. lin fact. stated as the fourth.
positive answcr as to whether lo se at 500. or 1a. ctinuclusima~ w. his paper.2 But it
1,1000, and 2,000 cis or ht 1.000. 2,0WX. and should be jImunld out again that tits ol)je-
3,000 cps w.ould best predict hearing impair- live criterion hais been mnentioned. sui jested.
nient for speech. or qtu-teil to cini-ert Krtrspercxittafge oi

If Krvter's basic argurmient is sound. sentences- -or wor1 s-ccrrect to any location
that speech discrimination is more peutinen~t o.i the i--inn-huia-isblt Cale.
than speech thresholdl in determining a hear- Until syncinie. or some committee. can con1-
in- inmpairment for speech. it 51houl follow verl per cemit IT'Ws. sentence-s, or any other
that the higher fztxquencies are the mnore im- objective sluccch test to degree of iripair-
pontant ones. But does the dlropping, of 500W n-adcpdshlt- it isponest
cps for 3,000 csreally hell) in pr.edicting argue whether the ii-etuencies now u."I to
speech discrimimtion loss? Note the last COi4- predict speech threshold frinn pure tonc
umn of Kr% ter*S Table 1 ": There are essen- audionneter should be_ changed.1 Kryter's w
tially two groups of scores. 541 and above, data show thait in actzalitv either set '14 i1re-
and 40 and below.. The big break in the con- quencies art: aboaut cqiz-All good. depenvi.ling
tinuum of speech discrimnination comes be- upen what dcibel level iZ used. Am- coi-
tween those groupings. The hearing level bination of irequrnci-s; and dl'% leVel- or.
discontinuity that divides those groups is a-, loss-es) i~s~cvrt.s only to joer cent '-i somex
2.000 cps..- Both the 500. 1.000. and 2.000 type of spee-ch cuirec a-nd nol to ant n'e
cps and the 1,000. 2.000. 3.000 cps averages of itrethnia-iaiiy
show large changes at this breakover point-. A real quts!ta4n still renmamis u,, hr -n

T his same phenomienon is evident in swered: When dwoes a lie.aring, imnaiici
Kryter's F-ig 1I To miake a gzood bipartite for speech become a real social impairment?
prediction from graphical data it is desirable Beasley 12 asked people whether ther cinisifl-
to have tio horizontal lines, at different lev- ered thems-eves to hear nornialle. it) le

els~~~ (oecrepnig to acceptable andi one slightly impatiredi. eti-. anti then adinimmiSleredl

nonacceptabie) connected in a4 small a hori- inr-ln audiometer Iet.le found that
zontal spacing, as porssible by a steeply his nminimailly impaired giap- avenageJl
sloped line. The choice pvoirnt is essentially hearing levels of iust over 20 (li for 500.
the midpoint or. the slopecd line, and the 1.000. arnd 2.000 qvs and onlilighir1--'t~
steeper !he slopie the -nore cear-cut or lire- mnore thanf thfat for 1.000. 2.000. anti 3.00D
6ise is the prediction, or kecision. Or.n r- cps- Chn fur-aher questioning hr fopund hi
tee's Fit, 1 it is cvi~kni ihat chioosing a _: nmiimally uinpa-irewd grou had dlifficilty .-

db fence at 500, 1.000. and] 2.000 qvps gives in church, at the theater. or in .. Uup conve-
exactly the --me prediction as choosing a 15 saion. ut . ot- at los'e rne.

in fact. Kryter 2 makes; this- exact sanoic state- populatui. perhaps a 15 41h fenice is- Its,-i fec t100 .0.ad300es.Ad.I ;alf ou-to stpclo a-wr'

ment when he writes.". maintaining the for a I .CCZ. 2.000. anti 3,000 cis, avera ge.
15 db fence and taking hearing level as an and inx- certainly a 5 -11.) fence.,; 500. 1.000.
average of pure-tone audiTgranms at 1.000, andi 2-000 ql)s wul-l be toro lo.-
2.000. and 3.000 cps is roug hly equivalent. if Kreer' recomrrieml-tiun of a 15 tilt
keeping sqvh intelligibility constant, -.o fence at 1.000. 2.000. and 3.00 cps~ be con-

measrin theheainglevel at 500. 1,000. sitlere foir adopti". it should b ofndt

and 2.000 cps and lowering the fence by 10 noise-induced hecaring ltsz case.., alone
(lb. that is, a fence of 5 dV' (which isz what he recommende-d) andl it1

1"Based on the data he showxs. his rec=in- should be kept in mind that "hearing im-
iendation could therefore have equally -vell pairnent ftor spccch- mar bse flefinedI at :,W)

been: maintain the 300. I.000. and 2.000 cps low%- a level (a mnan mr be cLa,--~ifieqd a, Icing
V' .4 .V.' MI

-ME
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"hearing inipaired for slrech- who really. not inclded. The KlumIpp and Xeb--Ier
in Ou. noisy world. if. not -'ocialc -inpaied" procedure 3-, only iaituitively rclatedl to hecar-
or -tiandicapp'ed-). ing-1111a redI jIxbla!ln but does include- a

Continuing on thebca~lvtp -uy ~ much wider distrribution of nma-sirT Pjctra
Ie Di,1oerfler and D~r. Grant Fairbanks re- i iteflht ! simulait"d hearing los,-ses of all
isorel si lircinhinary -works. of their own th~esJ.- Stat115ical analysets on the Krvter
at the CHABA s-,nlpos-Ium un soilhandi- ct aI 3 data describe characeristics of niz-e-

casas related1 to sonmc mea-sure of hearing Induced hearin-- los-.- a..s meas ured hr -sjiech
hos Tis is where much effort is needed at discrmination tcsts. Analys-es of ;the- Kluinip

the ires-ent lime. ?-nd- IWebscr " data, des--c-ibe charersiqc~-

At this point in the ClIJABA syiisium 01 specch dfiscrinlminatiGn as influtnced byv

the prescnt zuthor was invited to present ,n~~~ osssmlae ern w~e
data showing that if speech is nmzked by all Thr shul be. an! indeed there are. uiany

-atIsof noises (-.nnilar in nmnv nsplct: iiaiisbtenth eut iteti
to, spe-ech being he-are bNy peopile UwItI; all typesC: basic set-u ofa ilal.,t study thr i..ma

of audio :S I it is the nuise in the octaves nofcru-iiedseh
centered at -WX). 1.000. ani 2."('e that In the Mium ;q) and 'Webster xei n;

best- dlescribes the di--crimin-ation kkoss for each of eijtht worrnai-heariig Rubjcts -

~peh gTemi-t of try talk follows. tenei i tun to Rhi-ie " wo--rd lists In ihe
presensce of i6 ;i-enuise 51pectrz, The.

Important Frequencies for inocedure w-as to adjust Tt he--e of theC M
Speech Prception no-c uil-' cach noi-e rmduc-si the pecrcent-

If considvration is _-ivrn ts gen-Iizm age- tit~ couroti hi.:1urs ,,-;- -iTw

Knier1air ni-renf( aconWszan'. Ieve' (of 78 lb at, I menter fra-ul
mn-ent ior sqpeech criter-ia to al-Hpe of htar- the komispevaker or at the ear of xhe I;,--
i'ig loss- caszes awl in particular if a centerim .ee h eal f hsCprlei r
for calculating hearing !niairmctit for k idinaaprlv lup ndW--

spec : ie're tatca b gnealze Ztcr.': Inn sfl- cc it to add here that Rhymw
oPver into the world of rzornal hc2igpo *'ar eiso O ns~ai od

ple n ptholcaI4 r~isr env~mn 1ts 1lik: lot, can - - -eL d UXach wo las fixe
thn onidraion solbesinto alternatives suchi~ a,: cut, tan, e:_NAt-

ti-es f eidece. tn. - - -bet. etCi --- !ha! or. ibe answecr
iunull and W~eh-ter. In a recenit serirs shes t -oa. -an. - . ---t ) only !be initial Cm n-

oif lialers.." have done esentially the con- sonant ee beV swpied-os of -.he 10
iei-,C of what Krvter et aP have 41One.' noi:C:Fi.- Cre. ai-taC-tt andi the Siec

~hraKrvIee t A 2 rave speech iscrimi- tra var-Ie ira4m a wkn-irequwMnc niMAAe and]
nat ~ ~ ~ vawri tet.t ie_'C2I... 1or tn. j,, et aircraft noises 1wi-i)C1

liumi kiruls ain! Jegrcrs of bearing ltoss wiic- The-ru- wa- an
,I~-ra. Khruipp and Webs-ter 17 gavwe sperch tvple-vriter scaud and a -nultIVOiAC IWa.IW.

Ehcmnai~ntssto n.Ahansu- Lb ti-'eredtherml nossof -131
icctz in 16 di-vvrse kinds; of njoise. In botth pcrmanofan incrcas ing 6 -lb, pr7 .,c

cas ub jeers hea.rd se-elih with liar-, of is tare speirtun tprreu~Ionnanthir h;I.h frr-
-- eirral gune. e-ither iecau-c of hearing loss- quencv n faderaig611,e iti

"r bio :nsk-dhr oie a omh inu- were als.. used-x' These noi--e,. unlike clinicali
L-zim I, esrnua htnwin. hearing k leves, simulased as nani i'iw-

The-. K~iier oi a. 2 hroviiure Is re-. d-i- frequexncy or high-frcvquencv -ose 1 1
ricl picable to hrarirqT-inair-ed M-pu- io--ses -

Ltton-but:slimited in that eqml numb,--,. The purl m.,; of the origzinal ppr i

-if ca-z- of all types oi hzarm-t kkss.es were wmas 1.o firm] Simple mcans of mrasuringt-
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16 noises which had already been adjusted Frenrch aind Steinberg." using sixech ir,

in level to be equally speech-itefering. the quiet and normal listeners. progessirelv
The analogous prolacn in clinical audiology high- and later low-jcass-flered the speedi
-would be to find the commn hearing !evel until it became progmessiv~ely less intedligihle.
pattern oi a group oi cases all of whom This was a disxrimination, not a thres-hol
scored 50%~ on a word list presented at the test- 11,i found ihat speec was equaikl
-same level to each of them- deterionated when all frequences either

In the first published version of te re- above oir bek.-n OW90 cps were filtered out.

.u]tL,"' it was found that tht biest s'imple Or the frequeny 2ag ab M c,(X ps a
measure of predicting the s-peedfi interfer- as ifliPurIi as the feeny range belonx
ence of these noises was to find the level of 1,90D cp)s- 11ranek.1 ' using mnale vocsonly.
noise, measured in dl,, in the octaves 300 to fOind( t-C C0501Oc7 1'-iieiicy TO be 1-660)
6W, 600 to 1,0 and 1200 to 2.400) cps :.nd cps under the sM qUiet-fllicred-peech
.hen average thes-e three leves f roughk y
analogous to finding *e average hearing PoLa-ckm redid the filtered speredinlteffi-
level at 4273. 850, and 1.70W cps). A subse- gibility s-tudit:- but added a broad-band noise
quen:. pape 21 found that an average of the back round 2an varied the leve Gi the
noise levels, in db. of actaes centered at 500, speech He found that thze crossover ( or
1.000). and 2,000) cps was nearly equivalent equal imp~ouffxe) frequmency increased iromi

t C tesightly lower octa'es of 4-75,830,O and SOD qp i r low leesof speech zhrorgh
1.7WX cps-1 In both case; these-- results were 1.010.,1,3W0.1,430. to 1.63) cps for increases
betzer than average leves for octares ce.. oi 10db- in the spech level.
tercti at 850, I,700 andl 3.400; or at 1.00D Dyer ' doing the reverse of Pollack
2.000. an 4().000 (nely, filtering theC noise aroun a broad

Lie' se itb_ and speei sina) found, like PoLack that
thata~ pretliced better thzan ant- oftr2 the sed--oi differential increased.

at- th as-rcT, increased fr.lr~r OC1%-C a. te mu-C the-

ocr I JEX) eks, folowed~ in order !w 4-7, for aboT.- 1,rM- cps to almotst ZOOOD crkc&

30 cns. '3.7W0 (or 2-AXX) I ps-. and finrally A crossov-er frequency has been deried

3.74W f Or 4.00K) cps iom the Kluipp and Wb.-Aer 2 data and
To te e~ern hat ~.d f a ia~ published atung mith detail of its dem-a-

To tt ccm at evel of7. a-sing tjCT he da-m ta -n Condense for are
noiset in a gm-en rcg-A)j corres-ivmds to a C_ in F-~ 1-_4 Ig hw tems

ixa-i7n- leis in the samne regio. the iinpor- -D g z s h mk-
tan! ;reuer~ciesare in rder: 1.og. 300 di'r to the p-imoninantly lkw f

mrit 40( f*qexe f nodr:10D - que-ncy nmoisei- from iWe ser and KhnnpJ--I3'
2,00. ad 4f,* ps. andti he a-exage 01 The mnasked audiograins arce iwazed asdif-

300. 1.000. z-.m 2,MX cps is superior t.o the fn ~ ~~~ uivi u

averi~e f iAO. 2~. ad 4.(X) ps.to the thermal or &it ncoisc, but the relative

Tbe InorunceFrequmy ilevelsz and s40ises arc representative of thev

Spedi ercpton ute~erngFiz 2 and a' shojw similar pkAts

T1he center, mid, o--r mean frequency of (aga-in related 1o the fiat n0i:se MaSked audio-
Krvzefs- 1.00. 2.0W. 3,000 eps scheme is -ram) 5f t elhly low frequenc am;-
IS!i7 cs (cumbe mm~i of the prodt) whereas nearly flat sncra naises. The- arm enclosed
tL-e mean frcq-encv of the Commnittee on by the spread of 11* noi! audiog.r.z in Fig:-
Coper-ation cjf Hearing -- eeis10X 1. 2. and3 zS-4ied in Fig 4 at toi
cps-. ff this inidirequf ncy be- called the not- At th boatom of Fig 4 are the 2rerafTe
imno-.tant frequency in specdi perception. masked aJi&_ZrainS Of Fig 3. 2. !d3o-

:her is a large arnount of literature on the gether with the co=e ironaniy :igh ire-
sd'.ke audiagrani. Obserre in
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R~ 4 th2i~l I. bas di joniantK hity an,- irwpn~crix nes isr'i SOD or I-ODD cps to
kwx-iitwpcncvV --icanroan-at he IffX0 tor 2M~ q-,- as flie speci-1-nol_.c dii-

s~i~tlvhi - la-ir-,tXcT )~~3u43) ental ntra-dx
trro Q czcb cche 2f 2bou K-0 qip- Tl-e~ allarn a; .uia-es led to further

_-6 3, ha. _-w &L- ofslco u-ok- on --p-T~ch inlrfrtee c. Citer. In a
n__4kcd r &c b= a br a- -cpr fn - l~b-rX the articulation imk
aver irraumrx 1.4 ix he i0ornaiva in hif. '1 A ~ I it:lb Fec and se r-
Fg,2 ml -3 of rei 22 vmv rrccumhncil vs, m11t: ~ a;rcatic in of -. 2U ter
4mwfl t32hem-L ofi jilth n,~ -_ a f in j -1:-r ds kii to -a setc of con*.Gurs wiiiich seem to
2. ref 221 Owir'! tm id ccaak --potdi- explain inia hap-.Ins iht lis~cninr to
imencin --ce, 3,6) i- F.~ ®r s-I -jcc in incc-ing levcs of naaise tor in-

tcc 145C. 6', -c tha asFx
22 1 the swo s Ar bol nmi:cs -p-c- rvasin 7 h=eair -i, m:.Ita
qktxinanit bigt- anti bomr-cqx-L-r momissI the- leve oi wiasc in =n oct-arv bandl mzzrases
W- a msr. at ablat %_0 cpj-s and the m-r 4 ana <_Mus to hearing-utz hea4 -i. ihe

-- kqv1rq1eew T)3.;e- =. t-in'saml pow oft ccaou, that tacics ow

~ 140(1q~ am- n m r~ a:nK on*. imne (Al i 1crd

It apxrs the;--o iromx tfx evider-ce 4, lkk34-c-- in ftr3ncy. In. snnlA tcrin-.. as

~~ ~ aiN. Wc- th i~nmn, cOxditions i moe ore
,cran Kinp l'lhz W- c 0 '14-c-. 3 h earng, isei

hasa -~-ir~-or tntjltanc ;-ien a- *,,:- imToria.ce -eqei~y's be.
=a+. as an ocurc ;0oive t.:an the mr-zoxver in ;..-m af lil;t Otri-I argiumc.m of
firx~xxs of. fhiItm sr~itet n the qntufether _;W.. I.0M. and 2.(0l0 qk.s iidirt-

F~rech azu. P hr.c n ~za-.xs 1". -qunc IfIM I*~ or1.0. 2IXK, and .3.09D
P-14h 144lradz- =34. Pvmzhuhat the q-r. mMirrracncv 1,1917 cpais. be usd -,s a
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basis for predicting hearing impairment for Summary of the Kluxnpp and
speech, the answer seems to depend on what Webster Data
level twe chosen as 'impalredl." !f very little The Klumpp and WVebster 2:1 data show
impairment wvill be tolerated. say, an Al of ta hnsec smse yniet h

0.6 (sntece nteligbilty f 9% i tex~tent that only 30%c of initial consonants.
mnost efficient method will be an averag e 01 ofsingle -words are heard corcty the aver-
some higher frequencies. say, 1.000. 2.000. .-age o1 the levels of nolse in the octaves cen-
and 3,000 cps..- If a greater degree ci impair- 'ered at 500, 1,000, and 2.0W0 cps predict-;
nient will be tolerated, sal-, an Al of 0.30 th-e maskIng effect oi the noise better thzan
(sentence intllgibility of 92%c). -in average averages in any other groupings of octaves.
frequency centered juiabove 1.000 c~ps The XWebster paper '- shows that when
would be miost efficient.- speech is masked by noise. the f-requency

To manke the pure-tonae audiogra n aver- that divides the speech into 'wo band-w.idths.
age used to predict hearing impairment for tcach of which contributes equalliv z(, the In-
speech as universal a,; pos-sibi, ito cover telligibility of the speechn, chage as zhe
hearing loss and to be compiatible with noisze speech-to-noise ratio (S/N) changers. At
mrasked speech), -t is suggese htKv low~ levels of S,'- the dividingr (crossover,
ters2 proposed 1.000. 2.00. and 3.000 cp -ir Importance) iequency is arounxd IjX)0r

fence not be adopted until further evidence psAsteSNIncess th iporance

is available. Thic further evidence should freqjiency increases t.o about 2,000 cps-

definiteiv include aI more precise delineation Conclusion
of when does a "speechi discrimination1 los- I believe that na decision can be made as
become a -hearing impak-irment for speech.'" to what Is the most efficient comnbination- of
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pure-tone losses to predict ability to hear School of Aerospace Mfedkial Teclinoiogy

speech until a point is found that de- Documents Report No. 62.130, April, 1963.
fines some "conipersable," or otherwise .11. Elliott, L. L.: Prediction of Speech Discriin-

adeqatey dfind "andiap"in he m iation Scores Fromi Other Test Information,
adeqatey dfind "andcap intheim- USAF Schiool of Aerospace Medicine Technology

pairmient-handicap-disability scale. iIf the cri- Documentary Report No. SAM-TDR-62-145, Dec,
terion point is close to the "impairment" 1962; also published iii j Aud Res 3:35-45, 1963.
end of the scale, then perhaps a center ire- 12. Elliott, L. L.: Personal communication to thc
quency around 1,800 cps is the best pre- author, May 11, 1964 (major contents of which
(lictor. If, however, the criterion point is will be submitted as :ia Letter to the Editor inii1

defined more in the center or toward the dis- Acoust Soc Anmer).
13. Beasley, W. C.: Characteristics and Dis-

ability end of the scale, a center frequency tribution of Impaired Hearing in Population of thc
at or below 1,000 cps would be the best United States, j Acoist Soc Amer 12:114-121, 1940.
predictor. 14. Klumpp, R. G., and Webster, J. C.: Predict-

John C. Webster, PhD. US Navy Electronics ing Speech Interference From Physical and
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Speech-intelligibility scores as a function of noise level are studied for face-to-face, sound-powered-phone,
and amplified speech- (earphone and loudspeaker) communication conditions. The speech-interference level
(SIL) for octaves of noise centered at 500, 1000, and 2000 cps (0.5/1/2) is used as the measure of noise level.
13y using this noise measure, much of the work in this field can be brought together and interpreted. It is
noted that "noisy" and "very noisy" spaces are associated with SIW's such that "shouting" or "very loud"
voice levels (or 95-dI speech levels) are required for conversations at 1.5 or 3 ft, and this is the region where
telephone conversations are judged to be "difficult" or "unsatisfactory." All of these adverse noise con-
ditions occur at the region where ear protection will aid intelligibility and at the boundary where ear protec-
tion should be used to protect against hearing losses. Where people must converse or communicate via some
interior communication device, 0.5/1/2 Sl's above 70 d1 should be avoided. At 0.5/1/2 SIL's greater than
90 d1, the wearing of hearing protection should be made mandatory and ever), notcproofing technique
(except a noise shield for the microphone) should he employed. At 0.5/1/2 Sll,'s above 100 dil, every noise-
proofing technique should be employed.

INTRODUCTION have appeared in available journals but the application

0 VER the past few years, several aspects of speech of the results to communication systems need be ex-
intelligibility in noise have been studied at the amined. In many of these evaluations, the results were

U. S. Navy Electronics Laboratory (NEL). Many comparative in nature (one system or equipment was
speech-communication equipments and/or systems have evaluated in terms of another) and no attempt was
been evaluated for operation both in the quiet and in made to interpret the results in absolute terms.
noise. Many of these evaluations have come out as Relating the results of these evaluations to each other
NEL reportSt-7 or were published in journals not and to the work of others has been difficult because of the
readily available.' Others, especially those dealing with diverse ambient noises used and the differences in the
the noise-attenuating properties of ear protection,oti way both speech levels and noise levels have been

measured. A recent series of papers'2 - 15 concerning
J. C. Webster and R. G. Klumpp, "USNEL Flight Deck Corn- methods of predicting speech interference provides a

munications System. Part 2. Noise and Acoustic Aspects," NEL framework that makes it easier to generalize some of
Rept. 923 (29 Nov. 1960), AD 260 286. the evaluative results. It is the purpose of this paper to

I W. E. Montague, "A Comparison of Five Intelligibility Tests
for Voice Communication Systems," NEL Rept. 977 (27 June
1960), AD 254 545. bilities of Speech Communication in Noise," Proc. Inst. Environ.
s j.C. Webster and R. G. Klumpp, "Evaluation of the AN/PRC- Sci., 297-307 (Apr. 1962).53,' NEL Rept. 1042 (18 Apr. 1961), AD 260 294. 10 J. C. Webster, "Ear Defenders: Measurement Methods and
,4J. C. Webster, P. O. Thompson, and T. H. Wells, "Evaluation Comparative Results," Noise Control 1, No. 5, 34-42 (1955).of the AN/PRC-44(XN-1)," NEL Rept. 1058 (30 July 1961). 1 J. C. Webster and E. R. Rubin, "The Noise Attenuation ofJ. C. Webster and P. 0. Thompson, "Noise-Proofed Sound Selective Ear Protective Devices," Sound-Its Uses and Control

Powered Phones," NEL Rept. 1073 (25 Oct. 1961). 1, No. 5, 34-46 (1962).
1 J. C. Webster, P. 0. Thompson, and H. R. Beitscher, "Intelli- U R. G. Klum )p and J. C. Webster, J. Acoust. Soc. Am. 35,

gibility of Amplified Speech in Helicopter Noise," NEL Rept. 1328-1338 (1963).
1080 (7 Nov. 1961). 11 J. C. Webster and R. G. Klumpp, J. Acoust. Soc. Am. 35,

j. C. Webster and R. G. Klumpp, "Technical Evaluation of 1339-1344 (1963).the AN/SRC-22 XN-I) Flight Deck Communication System," 14 R. G. Klumpp and J. L. Leonard, "Observer Variability in
NEL Rept. 1141 (15 Oct. 1962). Reading Noise Levels with Meters," Sound-Its Uses and ControlIJ. C. Webster and P. 0. Thompson, "Dynamic or Carbon 2, No. 4, 25-29 (1963).
Microphone?" Bur. Ships J. 10, 8-9 (14 Sept. 1961). J. C. Webster, "A Speech Interference Noise-Rating Contour,"

J. C. Webster, R. G. Klumpp, and P. 0. Thompson, "Capa- Acustica (to be published).
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summarize capabilities of speech communication in TABILE 1. Levels in dH of noises jproduc~ng 50% scores for

noise and in some instances to compare the results with _____ __ewords._

other studies not directh- concerned with equipmient on-eemtr Sgecirefrnelee,

evaluation. No. Name C A Si--70 0.6/4.81 0.3/4.8e 0.5/l/24

I.OVRIE O PECHITELIIILTII Rumble(-12) 105 86 S3 66 71 72
1. OVRIW FSECHITLIGBLT I lwer (-9) 92 85 M5 6. 72 74

NOISE 4 TN -6 87 79 11i 69 72 73

" * elicoijterb (82) (82) (SO) (734) (72) (74)
The Rosetta stone that allows a comiparison among 9 ab~ 81 82 so 75 73 7

the XEL evaluations and between themi and other 10 T\ flat S. 82 so 75 73 73

studies in the general field of speech intelligibility in 16 5 N+ 94 9 94 go 77 £ 75
noise is shown in Table 1. Tab!e I is the Rosetta stone 2. 7.2 75.8 4.

Average 98.9 E5.0 $. 32 1 7.
if it is ass;nme4 that it is the level and spectral distri- Rag 24 1 6 is 9 7
butioni of noise that mos;t affect speech intelligibility.
Factors such as the choice of speech materials. and thie - Calculated (not measured) and eequaied uith on ois No. ~
selection and trainhng of talkers and list eners, preclude t Not i origadi~inal (Rf. 12)-study. teancnerrequatdo Se0'wt"niiae aret

making exact comparisons. 4 h_. r h etrfeunk of octave bands: the band-lizniting

Table I farid its predecessors, Table 11 and Fig. IS ;.~ecc are- 0.5/2.6.

of Ref. 12, and Table I and Fig. 3 of Ref. 15) shov-s
physical measures, such as an A, a C, and a proposed plotted percenitage of ihyme words~l heard correctly
Si (speech interference)3 "' 6 souxad-level mieter reading, and along the abscissa is the level of noise.
and speech- interference level (SIL) measures", (at The choice of the 0.5/1/2 SIL of an equivalent
6W0-4800, 300-480), and 5MK, IM(), 2(X)() cps,"S for -6-dB,,oct thermal noise, is based on two facts. The
noiss of different spect ra that are equated to be equally first is that the 0.5,'1,12 SIL is a reasonable compro-
speech-interfering. In addition to listing the levels of mise for showing small numerical fluctuations among
'lifferent noises that are equally speech-inierfering, the physical measurements of the original 16 equally

Table I also lists several equivalent measures of any
single noise. li the spectrum of an unknown noise re- 70 OVERALL C) JET NOISE LEVLIN d9

70 80 90 too 110 1 30 140
senib!es one of the noises in Table f, any single measure WL
of this noise can be used to find other measures and N E

thereby facilitate comparving the results of one study- orCUPN
evaluation with others.'5 3L50YEsoWith this much explanation of Table 1, it is time to
look at the general over-view of the various NEL evalu-
ation results. Figure 1, a generalized summary of many
existing studies,' -35 - shows the scope of the problem so oI0
of talking and listening in noise. On the ordinate is

050- ME TO
FACE

16J. C. Webster, J. Acoust. Soc. Am. 36, 1662-1669 (1964). -I
The frequency-dependent curve uporn which the S1 filter is based 40 50 s0 70 so 01r n0o1 120
is shown irn Fig. 2, Ref. 15, or as the SI-70 curve in. Fig- t of this .5/3/2 SPEECH INflERMRENCE LEVEL Of
refert-rce. To make the filter, the inverse of this SI-70 curve is -6 e S OCTAVE: THERMAL. NOISE IN 48

used. The 70 refers to the fact that origional curve was based on Fic. 1. Speech intelligibility (percent rhyme words correct) as a
noiset, adjusted in level to be equally speech-interfering at an SIL function of jet-aircraft idlin-g noise level. On the top abscissa,
level o! just over 70 -1B (see Table I in this paper or Table 11, noise levels arec listed as measured on the C-weighting network

Rcf . e,"ipae ueigl-pciiain A. of a sound-level meter. On the bottom abscissa, the noise level is
I--.ta Blerae- Arln ueigI-pcfctoso c listed as the speech interference level (SIL), based on thr octaves

cltbeNoise Le-vel," Trans. ASME 69, 97-I00 (1947). centered at 500, 1000, and 2000 cps, of a minus 6-dB/oct shaped
11SIL's are based on arithmetic averages of noise levels in octave thermal naise that is equivalent in its ability to interfere with the

band. Tc otavebans cn b speifid b lowr ad uper intelligibility of speech to the jet-noise levels listed on the top
band limits, or biy center frequencies. The band centers of octaves. -bscissa. Three generic typecs of results 2re Shown: f4ce-to-fZee,
ranging from 600 to 4800 cps are M3, 1700, and 3400. The bandc
iiinits of octaves centered at 500, 1000, and 21 1 cps are asound-powered phone, and araplifie speech. Within the face-to.

of as (hnd~ pProxi- face results, the parameter is distance between talker and listerer.
inately 350 to 2800 eps. Because o.patbndi!usage, 0.6/4.8 The limits on the sound-powered results are present-day "opera-
STIL (not 8.5/17/34) is used to specify the SIL caculated from the toa"eupet(otelf)ad"ee~mna" '
octaves 600- 1200, 1200-2400, 2400-480 cs And to m.-intain the toa eup nt(ohelf)nd"vlpmtl"equipment

simpiciy ihernt i it chice 0.51i2SI r~e 0352.8 is'.L. (to the right). In the amplified-speech results, the m'ajor par-ameter
for he JL or ctae bads entredat 00, 000 ani ~o ~ is presence or absence off a micro-phone shield. When a shield is

for !be !. foung ocav anos Scnee a. 3, 10-230 a(;62).0Young used, a subparamier is %hether or not clipping is used for ear-
ha copie a. Table, sim. a toTbeJsscaigvrous messm-628-9 (94. on phone listening. When a shield is not used. the. subparanieter ishascomile a abl -smiar o Tble1, ssoiaing. aiou me:5- -hether an average (left) or excellent (right) eamtdif is used

ures of noise to idecalized noise spectra. Young's Table is not for arontheapn.
tequally speech-interfering noise-, but for noises equal on A on h apoe
weighting, which for existing sound-level-meter networks is the -_ __

hest for predicting speech interferenuem* G Fuirbankst J. Acoib . Soc. Am. 20, 596-600 (193).
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speech -interfering noises.' 2 The second is that the The SIL bars represent, from top to bottom, the
-6-dB 'oct noise is a reasonable compromise among range of nise levels in which conversation can be carried

noises to be represeniative -f ship noises, 2 office on when the talkers and listeners are 12, 6, 3, and 1.5 ft

noises,"-' and noises used in laboratory studies of apart. The left end of each bar represents -'normal"
speech itelhgibility.2'  voice level, the right "shout"; equally spaced in between

Figure 1 deals with three specific comirsunication are "raised" and "very loud" voice levels. It is under-
situations: face-to-face, sound-powered phone, and stood, of course, that if a "'normal" level is under-

amplified speech. it sbows for each iorm of communi- standab'c at any given level of noise it will also be
cation the limiting noise levels for given degrees of understood at lesser levels of noise.
communication effectiveness (percentage of rhyme The SIL bars were placed between 48 and 84 d B by
words correct). For the majority of the studies sum- adding 5 d1 onto the levels shown in any Table showing
marized in Fig. 1, a single expe.ienced talker and five 0.6 4.8 SIL versus distance and voice level (sav, Table
experienced listeners were used! The folloving three 4-13 of Ref. 24). This 5 dBl accounts for the difference
-ections deal in detail with each communicatig situ- between the 0.6 *4.8 SIL and 0.5 1 2 SIL's for noises

alion : face-to-jace, sound-powered phone, and amplified similar to noises 3 and 4 in Table I. Noises 3 and 4 are
speech. In each section, repeated reference is made back typical of the office noises used by Beranek, --'--' in de-

to Fig. 1. veloping the SIL.
The fact that the bars (representing Beranek's SIL

U. FACE-1O-FACE COMMUNICATION formulation) are almost exactly bisected by the proper

The most satisfactory', but least noise-resistant, com- distance contours (where voice level was at the option

mutication is face-to-face communication. For these of the talker) shows that the two sets of data are highly

face-to-face tests, no constraints were put on the vocal compatible.

level of the talker. Nor was the talker asked to maintain The maximum noise level in which face-to-face corn-

any given level of word intel'igibility. He was im the munication is possible can probably be set at about

s.me room with his listeners. He could see them and he 0.5 1 2 SIL of 95 dB. Note, for example, the maximum

could hear the ambient-noise level around them. The rating in 0.6 4.8 SIL Tables - is 89 dBl (or 94 dB

listeners faced the talker but the rate of word presen- 0.5 1 2 SIL). Or note that Pickett-' states, "The maxi-

tation was such that lip reading can be almost com- mum tolerable noise levels for 9fc/% sentence intelligi-

pletel.- discounted. The voice level that he adopted was bility and I m between talker and listener were eshi-

left to his own knowiedge of the test situation. mated to be 95 dB for white noise [noise No. 10. able

The limiting factor in face-to-face communication in I] and 105 dB for low-frequency noise." These over-all

noise is the distance between the talker and the listener, levels, when converted (front the spectra given in

since the potential voit: level of the talker and accept- Picket's original paper) to 0.5 1 2 SIL. become 88 and

able listening levels are physiologicaily limited. Observe 96 dB, respectively. Pickett's-6 conditions were for a

in the four curves to the left in Fig. I that at any single 1-m distance between talker and listener whereas the

criterion level, say 70(% correct, for each doubling of 0.6'4.F SIL Table specified 0.5 ft. But Pickett was using

1he distance between talker and listener, 6 d less noise a highiv trained talker and looking specifically for a

-an be tolerated. maximum tevel. The 0.6 4.8 SIL Table is for average

To show how the face-to-fa.e data in Fig. I compare talkers and listeners.
with the extensive work of Beranek," - z- - which culmi- An extrapolation to Fig. 2 of Ref. 27 also shows an

nated in the 0.6 '4.8 SIL, note the bars superimposed over-all level of 95-dB thermal noise (0.5 1 2 SIL=87

at the 85% rhyme-word position btween the 0.5. 1 2 dB) to evoke the maximum usable speech level from

SIL levels of 48 and 84 dB. For e-se of viewing, the talkers communicating at I m. Face-o-face coinmuni-
bars are placed under one another; howe-:er, thcy should cations were not attempld in levels this high in the data
be thought of as being located at, and only at, the 85%- o wer ! noetaepttin l th is highi ed

point. The 85% position was chosen because Ref. 24 of Fig. 1. An extrapolation of the 'distance-halved"contours at 850/r rhy'me scores at 95 i]B 0.5"1.'2 SIlo
states that barely reliable conversation corresponds to c o a 59
a PB word score of 75%. And Montague shows that a shows the permissible distance to be roughly 2.25 in.

PB score of 75% corresponds to a rhyme score of gSi All of these values tend to confirm the fact that face-to-

(and a Harvard sentence2' score of 93%). lace (actually mouth to hearing-protected ear) com-
munication ceases at about 115 dB(C) in jet noises on

= L L. Berantk. J. Acoust. Src. Am. 28, 833-,-52 (1936). aircraft carriers.,
"L. L Beranek, "tR iz..ed Criteria for Noise in Buildings,"

Noise Control 3, No. 1, 19-:7 (1957).
" K. D. Kryter, J. Acotst Soc. Am. 18, 413-417 (1946).
'K. D. Krvter, J. C. R Licklider. J. C. Wcblstcr, and M. 302 (194); PB 224S. A" published in Laryngoscope RS.

llaw!ev, "'Spech Communicition. " in Ihu.mas i Eginenrirg Guide 953-991 149-).

to Equiprmald Deaigx, C_ T. Morgan d ai.. EdA-,. (McGraw-Hill " J. M. Picket!. J. Acous. Soc. Am. 30. 278-2.1 193.
Book Co., Inc., New York, IS3), Chap. 4. p. 179. rJ. C. Webtstcr and R. G. Klumpq,, J. Acost. Soc. .m- 31,

"sJ. P. Egan, "Articulati in Teszing Methods," OSRD Rept. 936-941 (1962).

7
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111. SOUND-POWERED-PHONE COMMUNICATION m1orc C1mll)h.x data and informiation) 6s a s%,.tenih prob-
lentlbeyondl Ithe scope of t his paper. The system aspects

The oun-poere phn. I'I), 1~ s. l~ii tl~pi(Iof the problem are coIveredl ese%%here.31 The purpose of
requires no source of external powecr. tssole source of
audiofrequency energ-v is sound, preferadbly voice sound-, this section of this pap-r is to assess the range1 of noise

but also, of course, noise. It auhieves ait orlhotelephonic lesonpwhich spbe jmnctini osl.e sn
giof20) dB (a gain of 2(111 ovter the lev-el of a voice Whein th~~er samoeS.v iinsadte ai le

in air at I mi) by ut ilizing a resonance pheilonicnon!' toi~~ettesaeiv itnr a0 he same oialker
take full advantage of thle existing energy nanro used in the face-to-face experim~ent are etdo P'

band~ ~ ~ ~ ~~Z arun 13 p.I arfcsqai awine-ban eq1uipment, the Sill, results sumnmarized ~n the center of
bandarond 5(X cp. I sarifies ualty Yid-bad Fig. I obtain. With present-dat prtoanrrose

frequency resp~onse) for quanhity (more speech power -oeainl onie
per ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~roe untbnwdh.Tpclfrqecpepne f ~ hones, the results are no better than face-to-

sound-powered phones:7' show lteaks at frequencies fac co. ncto atLa.2ft(osdri'te;
varving, front $'X(I to 251X) cp~s, andl very littlie response at criterion). However, ~dvipetiequipment uti-

all beyond plus or minus I oct from the peak frequency.lznos-acligmcohnsa( os-tent
Wiener~' states that -Thc rapid decrease in response igcsin ruderhnsde xel1ual

above 15!X) cps is (lue to both earphone and mnicro- cmuiain onielvl eodfc-ofc
phone.- . .- The decrase . .. at the lower frequenciescaalte.
is due mainly to the microphone." In (discussing whether One of the dlifferences lxtween face-to-lace comn-

inmproved perfornmance could be obtained by centering ipunication an'l a wire-connected system is that in a

*the resonance at another (lower) frequency, Wit-ner w! 're-connectedl system each communicator can be (and
(basd o daa o Egn ad Wene, Rf. ~, ~c.724 usu-Illy is) in his own neise environmieni. Figure I is(~~based on the poeis thtbohthaaln and ther ef .,S-.724

lbut pub~lished elsewhere 'ater') concludes, -- . e .ati on netrriethtbt h tle n

gain in performiancz- will result front shift in freqluency listener are in the &amie noise environment. Figure 27

on if the orthotelephonic -ano h adit retlecis speech-intelligibiity results when there are dif-
or bth re ncrasc" Snce IP ommmca io isferent noise environmients around the talker and the

inherently limited by its frequency-response character- Isee3 he osbecssaeson .- Q
istics, SI' intelligibility scores ior quiet ccndioins are an(I -N'. In the N -'N case, both the talker and listener

typiall bewee ~5 an 'XY l'~ wrdscorectare in the noise level shown on the abscissa. These are
rahe thcal betwen KY% and (" Ps ars core fo the data summarized in Fig. L. In the N-Q case, the

bra-bandeuipen. .c ause of ths Wieiier:' que--- talker is in the noise level along the abscissa and the
t~oed in 946~* . whthe itmiht o emr listener is in relative quiet (the noise level of the leftmost

profitable to abandon the sound-powered principle---
*and install an interphone systen using efficient wide- OV"LL:C JET "iOSE LEVEL ON 88 Fic.. 2. Speech intelti-

band instruments and electronic anlitiers." In refuting 1 0 o 10 220 130 140 gibility spcictit;rhymc
his own doubts, Wience listed reasons for the con.- -vrd ncis eorret vsIPt

tinued widespread use of sound-powered phones in n0- oie~t Wven fothP

Naval ships. lie mentioned I-eibiiv an efcthe talker and the

that the sound-powered phone ... perform-- satis- Nlisteners are in the noise

factorilv under conditions of rejsative quiet . . . [and] N-0 N) it leesrse n efer-I sc~~i&-ca (N-N). Irfr
is the simplest [systenm] possible." He did. however, to dcr-ebopmentaI equip-

sugguest, and made preli minary - sts to show, the ad-. 1 V. cqme t, an to atin
vanetages of sise-cancelling microiphoines and noise C Go; \ ' uiment ano A anot

shields for microphones, and the use of bettier ear 3 0-w&~ I mwrnts (mistiv tic-
veitnmcntal-. Iorte

cushions around the earphones. All of these schemes I- athQN eoni
50 Xt adQ0-ani

have subsequently been tested and have extended the t I:ions. onlyV the avcragr

potential use of sotind-powered phones into higher and BEST _ re-lts arc- sbon. N-Q

* - oise 1,i-mean.; talker in noise,

Whetherithe SIP s.v-steni should remain the ntains_-av 30 vERAE 0-14 x lc-vc! of leftmost da

of USN ships interior comnmunication,- in this day of po111t'. Q- N i' he Ie
ve-e talk?-r in -quiet.

higher noise levels (and increasing needs fo-r p~assin'Z ?O2 - listener-, in noise- The
.50 80 SOL 00 W- N noise levels ar- as in

F. NI. Wiener. -Spiet:6a Voice Communication Svstems." Sa ~Fig. I: twer-Alt ;C1 level3
in T,.znsyrissionard Riyepli2u ,f Sousnds uider Ceinl:1 t,dihjop v, o jrt nds- hOwl) and 0-5 1 2 11. of a -6-dl, oct noise ihat is
C. E. Waring. Ed. (Sum. Tech. Rept. D~ir. 17 National l)cfen-e e 1u3italent to the jet noise in it, spmeceh-initfring prrci.,
Research Corn.niion. Wa-4in.-ton. D. C_ 194), Vol.S3, Chap. 12. - - -

2" L L Beranek ,ard staff of FlEicto-.teoustic 1-21l., Hlarvard - _C 110 ter andi I IL. Ilenrn. 'Io Sound.iteredi I'hones
Univ~i, -Audio Characteisics of Com'muniation Equilimcn:P llave a I uturcef-t fli lbe jiibshecl'.
PNR.6 (I Feb. 1943-. r-;:5. 46-50- -- Fh data are irnon Ref. 3and P, .OThamtsobn. iicivn

J_ P. Egan ant! t. M. V;; nc., J. Acoust-SocAn. IS, 435 4-41 of Thre Sounid Pnuercd Tekphtint S Is in igh-bLcl ~ie



J. C. WEBSTER 696

data point in each series). In the Q-N case, the talker from listening via earphones in muffs as good as those
is in the noise level -f the leftmost data point and the with liquid-filled cushions.1
listener is in the noise level shown on the abscissa. What techniques, precautions, and circuitry can be

There is, of course, the fourth case (Q-Q) where both utilized to optimize talking and listening in noise? The
the talker and listener are in relative quiet. This is the major objective is to maintain a sizeable differential

limiting case for each of the other three cases. In Fig. 2, between the speech signal and the unwar.ted noise at
the spread of the leftmost points of each of the average the ear of the listener.
conditior (85±2%) is a measure of the variability of To maintain a satisfactory speech-to-noise differential
the experimental data. Note in Fig. 2 that, when at the input of a communicaiion system operated in
averagei over many different (operational and de- noise, it is necessary that the talker increase his vocal
velopmental) sound-powered phones, the highest intelli- output as the ambient noise around him increases. Tests
gibility scores obtain in the N-Q case, then the N-N in noise, with talkers using noise-shielded microphones
case, and the lowest scores ;.re for the Q-N case (since and wearing muffs over earphones, indicated that the
the talker doesn't "speak up" when in the quiet). The level at which the talker hears his own voice has con-
•-BFSr" results almost alwa.s obtain when the latest siderable effect on his vocal output-' Results for a single
and best developmental "'noiseproofed" equipment is talker showed that maximum vocal output was ob-
tested. The -!VORSr" intelligibility results are from tained when no sidetone was provided. As sidetone
the older operational equipment not designed for use level was increased, the talker reduced his vocal effort.
in high noise levels. Tests with several talkers showed that the intelligibi!ity

Although all of the data are not duplicated here from of speech frorn talkers in noise did not change signifi-
Refs. 5, 9, 32, and 33, some generalizations from the cantly as sidetone level was varied, except when sidetone
more detailed data are made: namely, the best develop- was 10 dBl over ;he preferred level. With more than the
mental noiseproofed sound-powered equipment can be preferred amount of sidetone, talkers reduced their
tised (70/0 rhyme words correct) in noise levels of vocal effort, the S-N dropped, and intelligibility was
i14dBO.5;1 "2SIL of - 6-d! "oct thermal noise (TN-6) adversei" affected. Apparently, for less than preferred
or 135 dB over-all jet noise if the listener is in a quiet amounts of sidetone, gains in speech-to-noise differ-
location (N-Q); 94 dB SIL or 115-dB over-all jet noise entials cou:nterbialance any distortion incurred as the
when both talker and listener are in noise (N-N); talker approaches maximum vocal effort, even though
and 84 dB SIL or 105dB jet noise if the talker is in Plicket" shows that, other things being equal, intelli-
the quiet and cannot be induced to literally shout into gibility decreases as nmaximni vocal effort is r ched.
his microphone (Q-N). In radio syst ems, if the speech is well above .he noise

in the received and rectified radio-frequency signal, the
IV. AMPLIFIED VOICE COMMUNICATION, speech shouid be intelligible if the ambient noise leaking

EARPHONE LISTENING throuih the earmuffs does not mask out the speech
- from the earphones. It would appear that, if too

What about systems utilizing elect.ronic amplification fo b apoe-I ol pc.riai oand, in particuar, radi sstiiems where disance b- much of this noise leaks to the listener's ears, a satis-
a factory S N could he prcserved by mereh increasing

tween talker and listener is of no import ? Several flight the amplitude of the spech signal from the earphones.
deck radio systems designed for use in high-level noise '-e al iace.of the pcialifrof this-aspton.

have been evaluated, lising the same talker and ;isterers Yeral facor i c tical o t lien-
soun-poere-eqI- The principal factor is comfort: pcople do not like ex-as used in the face-to-face and sound-powered-equip- tremelv loud sounds. whether they be spech or noise.

ment tests.3 -4- Reference back io the right-hand side A elod ouns heth l hca a
of Fi" 1 sho,-, thie limiting results of such talkin-- stcondl factor is safe" v: loud sounds can and do cause

hearing losses if listened to over prolonged periods.listening ,ests. Although the details are not shown in the comfort aspect of listening to loud
Fig. 1, in general it can be said that, when a microphone C-ernd que can .be used:
is in relative quiet (or is well-shieldedj or when the
listener is in quiet, i.e., in Q-N or N-Q cond.tions, (1) A nose-a,-tuact automatic volume control
satisfactory militarv-word intelligibility (greater tlhan 1,AVC can be used so that the voice level in the ear-
70%. rhyme word score) prevails up to levels greater phones will always be at a comfortable and intelligible
than 125-dB(C) jet noise. Only when both the talker level re!ative to the ambient-noise background. Pollackl
and the listener are in noise IN-N, the data shown in has shown that such an AVC does not interfere with,
Fig. 1) ii the intelligibility limited by 12-dB(C) jet and may substantially improve, speech intelligibility.
noise, and in this case optimum inliligibility results A small microphone in the noise field to which the

listener is exposed can provide the noise signal to acti-
- r noib-r-tttenuation resuits on man% ol the !-:es - vate the AVC circuit. Use of the AVC circuit has the

tctive rauffs, ste Rcf- 11. When t,.din sund-|xwir-d oquipmen. additional advantage of simplifying the system from
-cc Ref. 32 and P. O. Thompxi, "A-u4ic A;tcnuation of Critain
Ifcarinz Protectors and Sound-Poiircd Tekphone Sets," NEL 14j. M. Pickett, 1. Acot±t. Soc. Am. 28, 90-2-903 (19'6w.
Tech. Men-. 710 (17 July 1964.. "1. Pollack, .. coust Soc. Am. 29, 1324-1327 11957.
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the user's standpoint by eliminating a manual volume OVERALL(CIJV ,JOCSE LEVEL. UN4 _

control. The design of an AVC circuit can be based onSO
the data shown in Fig. 3. For tht- curves shown in Fig. 3,

agroup of listeners wearing eir.ntuff s ever earphones WW7O
adjusted the speech level from lizzir i--arphones to three V3
criteria: maximum level that they would tolerate, level z 0
preferred, and minimum~ level for S0%-W70 rhyme- FsC. 3. Rela- 01

word intelligibility. ticearphone C so~
(2) Peak clipping can be used at the higher listening n-oisc lev.el f,., ac-

levels. For example, up to 12 dBi of clipping has a ceptable listening :M540

negligible dec on speech intelligibility, does not de- 0
stroy voice quality, and protects the listener's ears
from unccrnfortable and potentially deafening speech _
peks-' OjI

Both of these techniques have been sed in the flight-60 0 so 9.0 to61

&'ck radio developed at the U. S. Navy electronics -5na IL O. oc M'-6 IsN

L.a-ioratory.1i7i
Concerning the second, or safety, factor relative to ofri-g

amplifying speech indefinitely to make it intelligible in Ionor igeeral to preferred listening level as show-n
hig-leelnoie:Howlod cn asond e efoe earng in Fig- 3; (6) peak clipping of 12 dli at mnaximum

losses are a potential problem? Flanagan and Gut 'ale, power~ n 7 ltfeunyrsos n us
mum distortion in the audio cicutirv.--have proposed that (for exposures over the years I.i fe huh htsec ikdu tsm

during work-week hours), if the C and A levels am Itoic lotin otherh than inec piront of tht liswould
within 1 dBi of each other, a C (or A) level greater than antmcloainohetannfrtofh ipwud
80 dBi should be regarded as unsafe. If the C-A level aid speech intelligibility in noise. Studies"4- concerned

with vibratory orboepc-p-owignraththsdifference is between 1 and 6 dBi, a level of 85 dli(C) isntbn:ikpsowi eea htti
Zvldbe onsderd usaf. I C- isbeteen6 ad a n~ soand that, as the distance from the larynx

shorid~s be considered unde if C-A is eteen 6hand- increases, the amplitude of picked-up sound decrecases.
12 0 BC) is th'iiadiL- i rae hn1, ikewise, car-insert microphones work weil in the quiet'5

95 dB(C) is the safe-unsafe boundary. Youne has buarnoinoipiir wtmcohnelotd
suggested that this is almost tantamount to saving that ~foto h isi ihlvl fnie
if the A level is less ihan 80 dBi the noise is safe- An evaluation of represet ative vibra-ory an..d ear-

If noise levels greater than 80 dli(A) for a working pickup mnicrophones in 1937 stated- that, 'Tranisducer
day are potentially unsafe," then speech levels (at the ouptar nel'I
ear) that continually exceed ambient noises at these- ouptgie nellib.e --- to the following sound-

pressure levels [of iet noise]: 137 dB for the M-5levels would also be unsafe.-niecnein yai mcohn nniesil]
[n general, good speech intelligibiliy in high-level 120 icafor th D-8-r~g A irrphone nerinnse phoe];

Poise has been obtained-'- by using (1)-a noise-cancel- 120 dB for the PD-8 [wponoer the ear];ner 12pdhoe]
ling microphone (in a noise shield4:-e~ for extreme noise);- th VM-l[irto ikp r h oeed n 3
(2) earphones in noise-attenuating earmuffs," (3) a dlo the V -1 r.tonpik ]or the e ;;andibe Sutat 1di
wide speech bandwidth (three or more octaves wide), fron, all these values to equate to a 0-5 '..1 2 SIL of
centered somewhere between 1000 and 1800 cps (Ref. equivalent flat (or minus 6 dB/oct) therniai'noise.
4.3); (4) minimum or no sidetone'; (3) AVC circuit to A compreht~nive U. S. Air Force-sponsored study by

the Western Electra-Acoustic LaborAtory on the per-

'j.C. R. Lickiider and G. A. Mkiller, "The perception of
dr' hin JMedbork of tExp-rimedal Ptrczdocy, S. S. Steveni, "J. C. Webstr. -Gen.mlized Speecch Interference Nois_-

Ed. (To'h Wi- os n. evYr, 1931), Chap. 26, pp. Contours," ;. Speech Hearing R_-_ 7, 133-M4 (106').
10t:1-10671 44J. Muliendore. "An Expednmental Study of the Vibrat-on of

D. C. Gibvson, "USNEL Flight Deck ComirntiezicnS S,%saerm the Bones of the Head and Chcst during Sistained Vowel Sounds,.
P-at 1. Nnise Attenuating R-adia Communications Helmet and Speech Monographs 16, W6- 176 (1949).
Fxd Station Equiumnent,- NEL Rept. 922 (14 Mar.- 1960), Al) " G. -vn Miksv- and W. .A. Rocenblith, -rheC,%cha-iicaI Prop-

3. lngSanM.Gtma,3.Aos .A. ertits of zhe Ear,"' in IIl'uzlook of E'r tde-ja Psckoogy, S. &.v J.I- lw~art nd _ Gttma, J Acx-4 cc.Am.34,Stevens, LI. t(ohn Wil-.* & _Sons, in., -New York, 1931), Cha-p.
1654-1638 (1961). 2 7.p. 1111.

2 R. W~. Young, persona: coznunica~ion and foottnote on Table " H. 'Moser and H. J_ 03-cr, J. Acoust. Soc Am. 30, 273-277
111, Rdf. 38. (1938).

11The Revision of Document -43 (Secretariat -194% 314 of Techni- I-J. C Webser. P.O0. 71hoxnpon. J. Snidecor, and D. 1). Wash-
ml Con.mintee 43. Working Group 8 of the International 0rgani- bUrn, '*Specch Pickup frorn Various Anatomical Location-%"

rzitzon for Standardization. date' iun-- 1964, puts this safe-unsafe Proc. Decade Basic Appl. Sci. in the Navy%, 0;i. Naval Res.,
loundary leve! at 90 d B(A) fo~r 3-h days. Washinmton, D. C. 1S)

M3N. S. Hawley, J. Acoust- Soc Am. 28, 12:56-1260 (1936). " H. 3. Qyer, 3..iacout. Soc. Arm. 27, 1207-1212 (1933).
cM. S. HIbwley, 3. Acoust. Soc. Am. 36, M8-190 (19W). 0R. D. Black, 3_ Acomzst. Soc. Am. 24, 260-264 (1937).
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016TRAU.1C) SPL 01148 OF
Toi.6 tLO ko- form, it is easy to se how sntcbc intellia~blt o

NO0S i 70 TO So s 100 to no loudgpeaker-reproduct-d amplified speech is limited b%~
QojC o 11YVDr amboient noise and how this varies with (1) amplified

1o Nos speech level and (2) with the wearingt of earplugs
I- (dotted lixnes), versus open ears (solid lines). The re-

a 0~ maining alteration to the original Kryter data is that
noise level is now plotted as the 0_5 1 2 SIL (of the

1J TO.~ , 70,0 -6-dB ocw thermal noise) instead of as ite over-all

eo so ~ x"o When these two transiormatiens are made. ntanv

e cotnpar-sons are possible. For e.,imple, note the shaded
rD5.3 areas arousid the 85-dB stieech-level curves- This area

' ' "\ s:j delimits Kr-vier's data on his Fig. 7 where talkers and
40- x 5 listeners were in a face-ta-face communication situation

LEVELSP'4 at a distance of 7 ft. The talkers (just as the talker used
301 , 0 to generate the data in Fig. 1) '-spoke at whatever voiceI'F=~ UI A_"C1 le'..e! they thought. necessary to make themnselv-es
201 40 5 0 60 70 a.0 s em 2D un~derstood" (Ref. 23, p. 416). The upper edge of the

.1/it OF! T*_ -$ 4 shaded area is when neithcr talkers nor listeners wore
how. 4. Spet4di intelligiiflity (percent l1 = ,d corv o earplugs and thf- lower boundary is when both talkers

qveech a: various It-rels vs rleiSe level of a - 6-dB.oct noist rig_:2_ and listeners did wear earplugs-. The original data show
Rd-. 23) and (at extreme right) a hovering H U I nc~oupter n*e points in between. -here one or the other -wore plugs&
"relative octave lev-elsof - 23. -~ & -9, - 7. 0 - 3, - 8, and - 16 Th -tcrefo Fi-!0lwe- 1)pcnag
dB for octaves centered at 6-, 123, etcmj. Th~e oit--e are ft.e6ftcrefomFg 0loee7t pretg
oipcT ear-% the dotted fires for protected cars (phzus cr mnu&,_~ puints to account for the cifference between I 13 words
71c mjority of Yhe data in this Figure a-rc rc:.Jotted fri Fw 3 correct and rhymne words correct.7 i.e., 5070 flit score
Ref. 2,7 (itith abscissa and paramneter values inittrchangeo.
Tl't data at the extreme right art from Rtt 6. To ctit th t W rhy me sore) would tit in ibis same shaded area.
sets of data. use Lk -made tcn the bottom al,4ssal of the '12 lieranek's'7 8-fi. W6dl speech level, treated-aircraf?-
SIL Of -6-dlB/ocz thermal noise. No eq~uating is done ci - the ordi- cbinni i-tiv ol ali h hddae
name re the co-omrativ-e iniiligibtilii rf 1'B war&7 kfi, and nos 1rewudaofllithsaedra
multiple-choice words!; (right). 11between the limits of -1;V,- and 80cic).

It shc-uld be rioted in passing that all data in Fig. 4

formance of electroacouslic trarisduc-rs in nos has (andl the nonearphone data in Fig. 1) were taken in
bee reortd ral-;'--1*-butasyrtappar on. 1-1semnireverberant kecrtainly rnonaneenoic rooms. Krvter
beens repoete o!;,50  but- as that appar onitn car th Fimt.

company reparts,a and thez data are too extens-,ve to lsltv(ef ta fo o-n astcweb
surnmarize here. It was concluded that a microphone -iivi naehi omisIr rae hni i

cpit~ddd i a entl pate r oheri~efasent to reverbe-rant room. IFor pluVed ears, the i11G holds on]%-
embedded ~~~ ~ a- inh.evl af detlpaeoitews atnntelligibifiv. And Thompson, Webster,telerteh inside the mouth showed promise- for 1:4%

commuitnicaiing in high noise lees ~and Gales' have shown tha a-;a'unofrebe-
For communicating in high levels of no the- atm.. ade o-ka peh assadceeti

reliable carbon button has bad its da- At ambient intlio hogiiit.Fi-4L asmnrofteda cig
levels above S0 dBi over-all let noise- !5fl-d11 eqtuivalent ls shw i i.4i umato h aarltn
I)3 1 '2 SIL of flat TXN and .T-N-6), dynamic Sitcn- , voice level, and distance between talker and listener

denser)~~~~~~ micophne con-gv ete ntliibi (ccrrected from (0.6 4.8 SzL 1it) i 1 2 SIL), The same
densr) icrphoes 611 giv 1ver niciij~biit% rationale and explanations as used when the SIL data

were superimposed in Fig. 1 also apply here.
V. AP~tIEDVOIE COMUNCATONAt the top of the Figure are cutoff points delimiting

LOUDSPEAKER LISTENING t he subjectaive opinions of people relatiin- t o the reltive
noisnes of~stzraphiL. and large entinern drafti.ne_

What are the limiting levcls of noise in which ampli- rom. Eeuicoiepro ne erie1( dlils
tied speech can be heard ove-r a loudspeaker? IFigure 4 nopise; ;hat is. -he- th;ink that offices are **rois%' at
is a replom of some data of K-mers (Fig. 3 in Ref. 273). an 0- 1 2 Sf1.. tif 1&I dl; (not 70 dli), and --ver-notsyL
In this replot, the abscissa and pai-amte, dimensions at an (L.3 1 2 S L P 70) dlQ.
are interchanged fronm Kmyer's original Fig. 3. In this At th- bottom of Fig. 4 are the opinions of the 1eop!C

~W. H. SnrvJ. Acoust. Soc. Am. 33. 166tA2 I oo, surveveii by lirnk" relaiive to measured noise
V~ S. Vencklascen, 3. Acous2. Soc. Am, 33. 1661 A) 1161 level (here replotted as o..; 1 2 SIL) and their abiitt-
i. i1P. Cl;isioff. 1. Acoust. Soc. Am. M3. li6&(AJ i i%l'. to uie the te-lephone.

3* 1u! and Invcesligation nf Specialized kciroAcw-ustic
T rarn'duccrs for Vtrce Communication in Aircraft"C' Wetern
Jko-Accast, Lab., Inc., Fin.a Rrpt. itith S-Wl. App. 1-6, ~'P. 0- Thomison, J. C_ Webster, and X. S_ Gales, J_ Aeou.i.
Contrma AW33(616)-5710, Taski No. 43060 (Feb. 1939). Soc. A=a. 33, 604-6 (4-96).
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To augment the data of Kr%-tern' and Bteranek.F or --ven tauxi voiie Irvels (or 9-5-411 spioh k-tL4sare
some e-'ta of %Vrkter, Thompson, and JBeitsdier' are rec1uired for invt-saiion,: at 1-5 or. f-,t and thi. i-: the
added to the right int 111g. 4. The noise %vas '-overn Vt iregion uiherr telphne -onatins arz- j-uJZCJ to iW
hchkopter, zne words were -multiokl thct," and -diff--h- or -un, saiorv7" All oi zhe.se advertse
muffs were used ins-cead of piufp, taut the data appeajr it, n-;ise .1711fitip-In At ur ai -.he i-t:-on whe7.: car I)Totc%,iofl

be consik-ent iih Krniers and do exiend the rero ill aid intdhi~ibiii and al the bapundary where ear
duced level of ±,Pee and noise slihtk~ bcI&onz! the proitition !shoul lye usecd its proit. ait hearngz
limits tested by Knr-. iss It is quite a-pprent that 913 1, 2 SIL*s ;abovec

Soime gwnral conclusions to be drawn from Fig- 4 -,, dBi shocuid be aveided in spates wher pople muss
aud the dala on which it is basedi are. At noi;se anid or tonverase or conuuctc Via --omc commimicatiol
sZptftl levels alyxvt some point. intellifibIK!t is better devite.- Spaces mbere convfirsaiians. cannot be carritxd
when listecners- and or- talkers are wearing erlugZsl or on in comfort at 3 it are toe. norL,-i fr any ipe of ta:4.
eannuffs.' This limited no-Cise lc is roughI% at a 03S 1 2 requir;n-, fateto face tommimnkaion-s. izer-roof ig
SIL of 70dB and the limitinitspeech level is 93 dlI.Since of humians arnd equip-ment should start at -.his noitse
peo~ple dislke wearing hearing prateclors in niarinal level. At CP- '1 '2 SI17s reaTmer than %i dBl the wearmng
levels of noise (and don't beliei-e tha-.he ca-n hetar of hearing pmolte -ion should be mandt.-% and ev
better), a 0.5 -1 2 SIL oi S6. tlB shul DObni be noisc-proofung technique (except = noise hi:eld for the
chosen. as a uoint whYer"e z-oie sort of pressuire s-hould he mcrophone) shou~d bse empo.%ew. At (15 12 SIL's
brught to bear to insist that car proteti-on be or.A above UIM dli, eveny noisepmoonr-- xeiitu -4o be
~).5'1 "2 SIL ci $0dl corresponds roughly to an Ak leve-%l zp rd.
of 90 dRi(e TAWle I or Ref. 1-2). whecre hearingt pro- Benk~ ecnedtc ht~64.5SIL'sabove
tection should be -wernn as a protectioza ag'ainst noise-- 55 dBi ((-5 - Iso A l)shud 1  vie o
induced permanent hearin- lojwt -,5dy ~- ofiespaceS par to eagood choice Levels 1 l

ueel:, muitiple-year exosr-43- ggreter than this should bye avoidei evecn or. ships whereM
An-ather conefusion f-rm Fit 4 and. its- souwarces'-2 Ventilation an.d other not,:s ame eve- p.-esent and their

i:- that at an::7 conslant speech-to-noise differential the q':ieting- exPenSiVe.
intelligibilitv is rrnarkabiv constant, rising some at lowAC NVW.EDGMOTSndss levels. and falling somec at highi noisc levls (evenLDGE7T

.vhn wmrig cArpml~cwrs). This slight. failoff of Although this Dape has been an attecmpt to draw
intelligibilhiv with level has been found bv olhe.-s4 an-d together some aspxcts. of s-peedi int'~uiibilitv- in notse.
suggcests that the equivaknt loan rar-e-erimatl :-ondition mviii rcferce mnaterialj wa-s not usol .IVJ apologies are
exists, jtw! as lickeit" has shown a simiilar- voice over- tended to K. D- Kryter., lI-nin Pollackj, I-L Be= ".k,
load (or a-. !east a decrement of inteligibili-tv with I*. P ickett., P. S- VeneklMasen. J- W- Black, and othiers -

greatlfl- incrcased vocal efot.tonumecrous to mention, for not adequately- cov-ering
It is inicetcstir.- to note that -noi,- ant- --ven nos-.:" and -or acknowilediing their past wr-k in this field. d o

spaces are assowciaied uith SIL's suerh that -'shouting' wis to acknowledgc the contributnions of P.O 0 honnp
soa and R- G- Khunpp in particular, and others at
the U.. X avv FA-aroni-s Laboator- it.n-.a. Lfor

"JW- !ibCt. j-i-(xc 1iel-ii*.Tet. the many hours of work expended in evaiuaiing equip-
Srprch I Hea :-r-z 1i.- 22. 213 -23 6 t195t tprmenr 1.lmt - evn -and Iu~t1. I'vlhdad J- N1. Pwez - cu4 Sc< A= 50. 127-1-50 ~ 5an rtt s .t et~93~"cieatethe data that have been summarized her.
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Eafcts ox Ambient Nioise and Nearby Talkers on a Face-to-Face
Communication Task

JolixN C. %%El1~.TER ANO) Roy G. Kiumml
C. S. Nav Ulectonict Laborator 'y, San Diego 52, ('ziiornzit

(Received February 26, 1962)

From 1 to 5 tali. -- listener paiirs. talkers se.1ted %houlder-to-shoulder on one side of a table with listeners
on the other, communicated %%ord lists in conditions of q~uiet and ambient thermal noise ievels of 65, 73.
and 85 dBi. Eatch talker read one 'lord at a timre to his listenez-1partner. who repeated back each word for
verification by the talker. Tlalk-tr-listen~r pairs %kere instructed to miaintin an accuracy 4f 90r; or better.

For the lower anmbient lev=ls the speecch level of a central pair increascd about i dB for anr additional 10 dB
of i.oisc or for each doublinj, of the number of pairs around them. Trhe rate of utterance (iecreased with
noise but showeti no clear-cut pattern of changc as the nunmher of additional talkers %%as varied. Accuracy
of communication was, on the average, 94c' and was never below 84(('. Communication errors defy simple de-
scription hut in general (1) for a constant noise lc% el, increasing the number of taiker, results in inceasing
error-.; and (2) for 3 or fewer talker-listener pairs, percent error does not ircrease until the ambient-noise
level reaches K- diB.

.R4TRODUCTlON Ambient noise was ob~tained from three speaker

~T i ofen eu~c'tv t asessthesuiabitv f a arrays tSivef by amplifiers and a thermal noise gen-
Iroom eitn or proposed) for spectih communica- trator. The noise field about the table was uniform to

to ,exstina norldz rof mesrdorep e within :I: IlB as measuredl on the C scale of a sound-
ambient-noise levels in the room. The prediction is as n lve meste. TheA:d freqvrsos ?M te 6000 cpnt-
often as not based soill on physically existing noises ios ytmws± l rm30t 00csa

(fans.~ veiua osec)admyntaeutl measuied with warble ',ones andl a microphone located
account for the cumulative noise effects tlue to thei~ above thecne ftetbe
people within the room- performing voice communica- Six matched microphones were used to record the
tion tasks. The purpose of this study is to determine outputs of the six sub~jects (3 talkers and 3 listeners)
the interaction between physically introduced ambient from whom data were taken. Microphiones were fastened
noise anti speech levels of nearby talkers on the per- to !he table in front of these six subjects. Each person
formancc of talker-listener pairs performing a com- Positioned himself so as to have his lips almost touching
municating task (exchanging Harvard PB words,). the edge of the microphone. Lip distance to (enter of
The v-ariabits measured are: speech level requircfi to mic-ophont was approximately 1 in. Microphones were
communicate in increasing levels of p~hysical and or oriented so as to minimize breath blast. Outtputs of the
talker-generated noise, rate of utterance, and the num- si., microphones were recordled on tape andl were later
ber of errors. ;'nalvzed for error, rate of utterance, and speech level.

Speech level was determined by playing the tapes
APPARATUS back at half the recortded speed and tracing lte speech

All estng as onein 2SX16X10 t rcoring signals on a Bruel and Kjaer, type 2304 power level
sltui.uet"n levs oein theX1XI stdi wr 5 lord - recorder using a writing rate of 1000 (11 'sec. Sound-

stuio."Quet"levls n te sudi wee 5 dBarless pressure levels were assigned to these speech tracings
on the C scale (35 dB or less on the A s cale) of a sound- bydtringhe(ffrneewenhesecpak
level meter. Reverberation time of the unoccupiedA studio adiebcgon-os ee.Tebcgon-os
was approximately 0.25 sec. leeld p akrevouslyos beve .esue wihasournd-loeve

The talker and the listener of a -entral pair were leeIa rvosybe esrdwt on-ee
seated across from one another at the center of a table meter set to C, "fast."

Trhe level of each wvur- was noted to the neares!
measuring 60X34 in. When a second and, or third pair dIbe a- t mdian level for a list was (leterniedl.
was added, they were placed beside the center pair so U\l hias d er se in st a f m a s b c u e o h

thatedan alle talker were on oeae sideus of th*abeanel
thalsters er on theoter sder wee eae shoullr reduced a-aaiysis time requiree. Later analysis showed
lit-hoer nd oiter.ners were se shoulder-tosollr that med ans differed from mean values, in 24 liststo-houderandlis--nrs ereshoide-toshold,-r.sampled. by less than ±1 4lB. In general the quartile
Mouth-to-ear distance between any talker-lstener pair values differed frorm the median b- about 1.5 dB anid
was 36 in. Center-of-head-to-center-of-hiead distance never differed bN, over 5 dB.
between adjacent takers (or listeners) was approxi-
mately 17 in. Paris 4 an 1 5, whien used ~o generate PROCEDURE
additional babble, sat at wo small additional tables
placed one at each end of -fie larger central table. From 2 to 10 people were usea as subjects, always

acting in pairs. They were meirbers of the U. S. Navy
iJ. P. Egan,, Laryngoscope 58, 955-991 (1948). Electrc.iics Laboratory, had normal or near normal
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937 S FACE-TO-FACE COMMUNICATION IN NOISE

hearing, and were experienced in noise communication SEUENCES ERRORS

tests. One member of the pair, the talker, read words,
one at a time, from a list of PB words. His partner, the T L T L T L T L LE + TO + TME • ZE
listener, repeated back each word as he heard it. If the A A
talker was satisfied that the listener had repeated the A * A A 1 0 o .,
word correctly, he proceeded on to the next word. If 3 A U A C A A 1 0 0 3

not satisfied as to tile correctness of the response, the 4 A I I , 0 3

talker, acting on previous instructions, repeated the 5 A A A A 0 o , ,
word and again ascertained the listener's response. Each , A ,A A A A , 0 , 27t A A A liA

pair was instructed to maintain i high degree of ac- a A A A * A C A A 2 0 ,
curacy (90% to 100%) but not to repeat any given word
more than three times. Maintaining the required ac- A . M C *..,1,,TW, , T ,,or,. R, L SDC,
curacy was the responsibility of the talker, who had L. , COMIOt CfM, I ,,,f , ,S,.,•
15 words before each test list to adjust his vocal output r . TOM RtWU
until he was satisfied with the level of accuracy of his Fio. 1. Types of errors made by talkers T and listeners L. The
listener's responses. He was cautioned by the experi. eight word sequences shown at the left encompassed every type

of error found in these tests. The type of error and the way thesementer, who monitored each list, that any list with errors were summed are shown at the right.
excessive errors. would be rerun. No lists were act .allv
rerun (although scores between 84 anti 90% did occur pair read a different list for each condition. Preliminary
on 21% of the lists). They were also instructed to runs indicated that seeing the talker's lips made no
deliver the words as rapidly as possible while maintain- difference in any criterion measure of accuracy, rate,
ing required accuracy. Th's was (lone to minimize the or speech level, and so no screen was used between
possibility of getting in synchrony and delivering words talkers and listeners.
in the interval between words of an adjacent pair.
Subjects were instructed to ignore, as best they could, TREATMENT OF DATA
the ambient noise and the speech from adjacent pairs.
No instructions were given as to exactly what vocal The raw data consisted of magnetic tape recordings
output would be required. of three talkers and three listeners. These lists of 50

The results of 3 pairs were scored although 5 pairs words were analyzed for (1) speech level, (2) rate, based
were used in some parts of the experiment. Pairs 4 and on the time taken for the talker to say and the listener
5 performed the same tasks as the three centrally to repeat 10 consecutive words in a stable (error-free,
located pairs but their results were not scored. They repeat-free) portion of their performance, and (3)
served simply as "noise" sources, number of errors.

There were four groupings of talker-listener pairs: To understand the variety of possible errors, refer
each pair alone, two pairs together, all three data- to Fig. 1. For any one word the sequence of events
yielding pairs, and the three data-yielding pairs plus which might transpire between talker T and listener L
two more babble-contributing pairs. There were 10 is shown in Fig. 1. The symbol A represents the correct
experimental sessions; each pair alone (3) replicated word while B and C represent incorrect responses to
once (total of 6), pair I vs pair 2, pair 1 vs pair 3, A. Actually the talker by definition never said an
pairs 1, 2, and 3 together, and pairs 1, 2, 3 plus pairs incorrect word. If he misread a word on hi3 list, his
4 and 5. Within each of the 10 sessions, tests were misreading became the new correct word. On the
carried out in the following order of noises: Quiet, 65, average, 94% of the responses were correct, that is,
75, 85, 85, 75, 65, Quiet.' Each test consisted of reading sequence 1. The most common incorrect sequence was
75 PB monosyllabic wrrds (but scoring only the middle sequence 2, which sometimes got lengthened into se-
50 words which comprised a complete PB list). The quence 3. Sequences 2 and 3 involve listener errors LE
words preceding the actual test words allowed a but no talker errors. Sequence 4, which occurred most
"settling in" period for adopting a mutually acceptable typically in the higher ambient-noise conditions, in-
level and rate. The words following ensured a constant volves an error on the part of both the listener and the
babble level for the pairs that were still communicating talker. The talker's error is that he failed to detect the
after the faster pairs had finished, listener error and therefore failed to correct it (TOE or

The experiment was designed so that (1) no adjacent Talker Omission Error). Sequence 5 is purely a talker
pair read the same list at any time during a session, error: He thought the listener's correct response was
(2) the extra words at the beginning and end of a list incorrect and repeated a word he need not have re-
were taken from lists not used in that particular test peated (TCE or Talker Commission Error). This type
session, and (3) (luring any given test session each of error sometimes sets off a longer chain of errors like

sequences 7 and 8 where the listener, because of the
2 In the condition where 5 pairs were communicating, only 4 error of the talker, assumed he was wrong and changed

noise conditions were used (the ascending sequence of Quiet, 65, his inital erss e to on (7) oramoe(
75, and 85 dB). his initially correct response to one (7) or More (8)
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, -- 3 dB for peak to rms correction of the sound-level/ s - A meter reading).

),-Sa. tn -From the center to the right along the abscissa the
~ "-'-"" * ambient room noi.se increases in 104113 steps. T1he break

NI Zip A* in the abscissa rellects the fact that, a!though the C

4 scale level for the "quiet" Q condition is 10 dB below

Ed [the 654111 thermai-noise level, the difference in A-scale
00 levels is about 30 dB. The A level is more closely

90 _ __ _ __ _ __related to speech interference than is the C level? lhte
4 2 1 00 65 75 95 parameters on the curves to the right are the number
N OF ACOMONAL SPL OFA MIENT THIMUA of additional pairs communicating: The curves are (1)

PARS OF WUNICATOM "SE 0 the center pair by themselves, () with 1 additional
FIG. 2. Speech leve! vs noise level of the center pair only. 7 he pair alongside, (3) with 2 additional pairs (one on each

midpoint along the abscissa represents the quietest condition, a side of the center pair), and (4) with 4 additional pairs
single talker-listener pair in the quiet recording studio. To the
right of center, thermal noise was added to make ambient roo'n (two pairs on each side of the center pair).
noise levels at 65, 75, and 85 dl (C scale)- To the left the runiber From the center to the left the number of pairs of
of i -mmnmicating pairs was successively doubled by the addition
of 1 2, and I pairs of talker-listeners. The parameters on the communicators around the center pair doubles and the
left hand side of the figure represent greater noise levels, and on paramtters on the curves are the ambient-noise levels.
the right, more people. The same data are plotted on the left and The same data are plotted on the left as on the right.
right halves. The two halves differ only in that the abscissa and
parameter designations are interchanged. The difference is that the abscissas and parameters are

The datum points for "no additional pairs" and "plus 1 pair" interchanged.
represent results from 8 different lists of S0 PB words. Four lists his symmetrical plotting of the data is done to
are represented for "plus 2 pairs" and two lists for "plus 4 pairs." emphasize the compariso between the effects on speech

level of "noise level" and "number of communicators."
incorrect responses. Sequence 6 is im "hr, though rare, The curves are within =1=2 dB of being bilaterally
combination of listener and talker errors. In plotting symmetrical around the center. This implies a general
results, all three types of errors were combined into a equivalence between (1) adding 10 dB of noise and
single error score. i.e., E = I.E+TOE+TCE. (2) doubling the number of people. Adding 10 dB of noise

The number of repeats is ordinarily an important (2) doubl the ub eople Addng 0 f noise
measre f tmmuicaionssucess Hoeve. . essentially doubles the subjective loudness.' If spe-chmeasure :)f t mmunications success. However, since levels of talkers surrounded by noises be considered an

the lack of a repeat, .equence 4, is as serious as the indicator of "loudness" then doubling the number of
presence of - repeat, the total number of repeats is not com unicators likewise doubles the loudness. In the

a good performance measure on this task. The in- lower ambient-noise levels the amount of speech-level
formation on repeats, or lack of them, is contained in shift with 10 dB oi noise, or doubling of communicators,
.he combined error score. is roughly S dB. In the highest ambient-noise conditions,

speech level is approaching maximum possible sus-RESU LTS

Speech Level Ito , t,

When ave ged over all three pairs, the speech levels
of the listeners 6id not differ from the speech levels of 1 o . 5 "
the tall,:T-. Therefore in the results the speech levels V 7':.
of the talkers and the listeners are averaged.

Figure 2 shows hew the speech level of the center 58mo
,alker-listener pair charged with ambient thermal noise 0
level and number of adjacent competing talker-listener
pairs. ,M din spe(ch levci is p!otted on the ordinate 9 4 a 1 00 1 65 75 ,5
and along the abscissa are measures, direct or indirect, NXIIN OF r SPL Of AMIET TWIAL
of noise leveis. The speech levels on the ordinate are PAIM OF roMUNICATM s NOISE a DO
levels measured approx;mately 1 in. from the talker's FIG. 3. Speech level vs noise level of the 3 data-yielding pairs
mouth (at the 'Nstener's ear, 36 in. away, the measured (all). The or nate, abscissa, and parameters have the same
level was IS dB less). The minimum speech level of meaning as in Fig. 2. Each datum point on the "no additional

pairs" represenL 24 lists, nn the "plus 1 pair" 16 lists, on the
94 dB (cenTer pair alone in the quiet) corresponds to "plus 2 pairs" 12 ii"t, ar.,i on the "plus 4 pairs" 6 lists.
"normal" :rpeaking effort and the maximum of 117 dB(-plus 4pairs" and "'85 dli") to a "shout." The true 3 R. G. Klumpp and J. C. Webster, 3peech Interference

long-term rms speech level at I m in a free field would Aspects oi Na"v Noises," U. S. Navy Electronics Laboratory
Tech. Rept. (to Le pubiished).

be 34 dB less than the 94 dB (normnal) and 117 dB -4S. S. Steven% J. Acouwt. Soc. Am. 28, M7-8:2 (1956). See
(shout) values shown (31 dB for distance doubled and Fig. 19.



() I: ('!:-'O-i. A(' (')M M I N IC'ATION I\ NOlSE

tainel level! 6: I'hvsiologit al limitations keel) the spee( h -- .
level from continuing to inwcase lineary. I 1 *~

An intrease in ambient thermal noise affetts all \  "t I' '-
talkers in the room equally, hut t(iding peop:e sym- [ . .- s -

metritallv around the center )air affects the center ,.2
pair more (or at least differently) than any of the other -

pairs. In Fig. 3 the speech levels of all 3 pairs are con- r,1
sidered. The same general trends are evident in Fig. to 10 -

3 as in Fig. 2; i.e., speech level increases with increasing o.9 0-
ambient noise or additiona! adjacent talkers. Two kinds
of differences show up. First, the inherent speech levels 0. C

of the two noncentral pairs are less than the centcr 0.7 n, ,---
pair, so with --no additional pairs" the speech level is 4 1 00 65 7, 15

down about 4 dB on Fig. 3. MUNUR Of ADoITIoNL SPL Of A*M&W PTIERAL
PAIRS Of coJ~MCAnRas NOSe .i os

The second difference has to do with geometry of the

test situation. \hen alone or with one additional )iir, F:c. 5. Rate in words per second to read 10 error-free words asr I a function of ambient noise and number of communicators.
tlit center pair and the two noncentral pairs are n A ,scissa and parameters have same maning as in Figs. 2 and 3,
essentially the same test situation. However, with two and the data are based on the same number of observations as in
additional pairs the center pair has a pair on each side Fig. 2.

while each noncentral pair has the additional people on
one side of them only. To the noncentral pairs. the abscissa of Fig. 3 (and the right-hand parameters)
"plus 2 pairs" condition is more like 'plus one and a were relabeled as "'no additional pairs," "plus 1,"
fraction." The results reflect this inasmuch as the "•plus "plus 1+," and "plus 2+," the results on Fig. 3 would
2 pairs" data on Fig. 3 lie between the plus I and the (except for the inherent weaker speech levels alone)
plus 2 of Fig. 2. Likewise with four additional pairs in very nearly coincide with the results shown on Fig. 2;
the room the center pair is surrounded by two pairs the agreement is within 2 dB.
on each side whereas the noncentral (but nonend) pairs Figures 2 and 3 show how the over-all speech level
have three pairs on one side of them and one pair on the increases with noise, but what happens to the voice
other. The "plus 2 pairs" condition for the center pair spectrum as the over-all speech level increases? The
is more equivalent to the "plus 4 pairs" for the non- voice spectrum of the talker of the center pair was
central pairs, and the data reflect this. If the left-hand analyzed in (.etail from selected samples of seven of

the different experimental conditions shown in Fig. 2.
Figure 4 shows the level in half-octave bands under

--- r- the conditions of Quiet and at 65, 75, and 85 dB of
19120- ambient noise. and in the 73-dB level with 1, 2, and 4

a I pairs of communicators around him. His over-all level
* 11 20 -a increases in order through each of the conditions just

§ " M-, listed (see Fig. 2) except for the "no additional pairs"

> W at 85 dB vs the "plus one" at 75 dB, which are roughly
go- PO\\ equal. Note that as the over-all level increases more

X % , and more energy is shifted to the higher frequencies.7
0.. s-_

so r 4 %0. The two levels which in over-all level are roughly equal
-t o,.- j (alone at 85 and I pair at 75) have nearly identical

- 5 D8 No spectra. From these selected samples it appears that
.A -8-6508s . spectrum is more dependert on level than upon what

• t 0 ,causes the level to be where it is (ie., it makes litt!e
000difference whether it is thermal amnient noise or

FREQUENCY IN CYCLES PER SECONO fellow communicating colleagues that cause increased

!Fr. 4. Voice spectra of the talker from the center pair at speech level; for equal speech level the spectrum is the
various noise conditions. Over-all (broad-band) levels are shown same).
for each condition at the extreme left. These over-ails represent
the talker portion of the data plotted on Fig. 2 at the specified
parametric tliints. Rate

J..M. Pickett, J. Acoust. Soc. Am. 28, 902-905 (1956). See Figure 5 shows the same type of plot as Fig. 2
Cig e.
4Western Electro-Acoustics Lab. Final Rept. Contract AF except that rate (words per second) is plotte or' the

33(616'-3710 Task No. 43060, "Study and Investigation of ordinate. Note the complete lack of sy.nmetry as con-
Specialized Electro-Acoustic Transducers for Voice Communica-
tion in Aircralt.' Appendices 1-6, (Febriiary 1959). See Fig. : J. C. R. Ucklider, N1. E. Haley, R. - Walkling. J. Acout.
A4 9. Soc. Am. 27, 207(A) (1955).
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~ .ande by Pick~tt" (slope '0.3)j. Al1though fafctors such as

14 ' Q~"r - he speech material, room acoustics, (listanre beCtween
~'~ S talker and listener, spec trum of ambient noise, and

12 al~soh:tc ambient.-noise level will affect the speech level,
0:10 * . (Llerences in slopes (obtainedi are probably (lue pri-

raarilv to d-fferences in feedbacklrt i1( otetle

a ~ and degree of accuracy required. In the Kiyter and
7S0 ~Pickett studies the listener wrote down what the talker

k! FV V~otsaid and correctness of response was ascertained later.

-f In the Korn and in the Hartley and Steer studies there
2 ? 'JCENTCf5 06 1ETE was no objective measure of commurnication effective-
0 1 cs.1- ness available to the talker. Ini contrast, in the present

4 2 3 00 as ts t study the talker knew immediately after each utterance
mUCR OF AMOT001AL. SPL OF AIENT TWANAL
Matis OF COMMUNICATORtS NOOSE 0 DG how well his speed.i was being received and tile error

Ficn. 6. Errors of the center pair as a function of ambient room raevegd6%'hidifenen cavadi-
noise and ;lumber of competing communicators. Absciss-a and ntediacv of feedback. could account for the Itreazer slope
paramleters as in Fgs. 2.3, and 5. Data are basedi on same number found in the present experiment.

of oservtion as n Fi. 2.In this study the -number of error- (and repeat-) free
wordis spoken decreased with increasing ambient noise.

trasted to Fig. 2. The rate of utterance of the center '[his tenidency decreasedl progressively as more coin-
pair depends to a gicater degree on ambient noise than municators entered into the talking task. Hanley and
on talker-generated noise. Contrary to the spoech-level Steer'! obtained similar results inasmuch as increllsing
results, increasing the ambient noise decreases the rate noise in the headphones of talkers caused the sp)ech
of talking. In general, increasing the number of peo~ple leve! to increase, the words spoken per minute to !C-
increases the rate of talking, but there are strong in- crease, and the mean syllable duratinn to increase. On
teractions with room noise. The rate data for "all" the other halld, Black"3 found that when talkers were
comm~unicators are no! shown inasmuch ias they do not inzstrucicd to read at four vocal-effort levels ranging from
show any systematic deviaticn from the -~center" data, soft to loud that speaking rate increascd. Black's re-

suits do agree, however, that speech level and the

Errors fundamental voice frequency increased as talkers spoke

louder and louder. Black's talkers were not raising theirI
Figure 6 shows the percentage of errors made L% the speech level to comnbat noist- and retain error-free

center pair. In low noise levcls the addition of comn- comrmunication but only instractions to do so.

municators contrilbuts grrtly to the number of errors. When Peters" informed his talkers they were notI
Likewise with few communicators in the room addi- being understood they increased their spee, h level arid
tional noise above 75 d11 contributes greatly to errors. decreased terrt btddntbcm oeitl

The increase from 65 to 75 dB of noise does not in ligible). It would appear that speaking rate does rotI
general increase the number of errors. always decrease as speech levei increases. This is true

The "all" data on errors (not shown) are generally only when speech level increases becvusc o~f combatting
equivalent to the "center" data except that in general noise or unintelligibility. When asked to increase speech
fewer errors wererna(Ie by t.he noncentral pairs. It mpust level in a quiet environment and with no coinmunica-
he remembered that this experiment was designed to tions to m~aintain, the rate and level ipparently increase
lest speech level as a function of noise, error rates kept concomitantly. This lack of direet relationship be-
minimal. The talke rs were instructed to keep errors to tween Speech level and rate niax be the reason why in
less than 10% and actually achieved a 6% error rate this study rate decreases with incesn amin0os
on the average. It is not too surprising therefore that but has la tendency to increase whlen additional com-
the analyses of errors show no systemtatic trends. municators are. talking (unless too many are talking).

DISCUSSION ' .M. Pickett. j. Acou,.. Soc. Am. 30, 278 (1938).
I T. D. Hanley and M. D. Steer, "Effect ol Level of Dis-

The increase in speech level of 5 dIB for each lO-dil tracting Noise upon Speaking Rate, Duration, and Inten~sity-,"
increase of ambient thcrmal noise (slope 0.5), is somle- -Spec Dvices Center Tech. RepL- No. SDC 104-2-14 (June 1949 ).

-i' "3 J_%V Black. **A Relationwhip among Fundanitntal Frc-
what higher than the change in speech level with nois, q;,encv. Vocal Sonun.l J'resu,;re. and Rate of Speaking," Ohio
found bly K'rvtv-r,' hy Hanley and Steer,' by Korm,"' State Uni vt Resea,-rch Foundatic' and V. S. Naval School

of Aviation Meilicine. Rept- 77 (August 19358).
R_ IV. Peter-,. -'Chanrces in Voice Intelligibility. %ound Pres-

K. D, Kr-v-er, )_ Acousl. Soc. Am. IS, 413 (194461. cure Level of Resionse. 2nM Duration of Raqmrnsc as 3 Function
IT. D. Hanley and 'M. 1. Steer, 3- Speech H1caring Diorfir; of the Speaker's Being Rejvtazedly Informed tf.at Hir is not Beng

14. 363 (1949'. Unde-rstood byv His Listenc.s." V. E. Naval School of Aviation

"T. S. Korn, 3. Acoust. Soc. Am. 26. 793 (1954). Medicine Progr. Rept. No. 50 (May 1955).
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CONCLUSIONS their speech level 5 dB if the number of similarly

If a communicating pair has direct spoken feedback aistructed communicators around them successively
and is required to maintain relativcjy error-free corn- doublcs. "lheir rate of word delivery decreases with
nunsiitions, thet for tach int r,_-ast. ,of 10 dBi of i.rna! incrc..sing noise but tends to increase :e.'-th increasing

noise they raise their spec~h level 5 tis. They also raise people (until too many 1)eotp!e are added).

-
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THlE EFFECT O F TALK ERl-LISTENEll ANGLE
ON W~ORD) INTEL-LIGIBILITY

by P. 0. Ttto-trsox and J. C. W~EBSTER

V.S.z Nar-. Elf-tyonics Laboratorv. San Diego. California

Sum~nima ry

A s-eries of experiments were conducted in a -ound-trea-ed- studio to study the effects ef
talker angle ,ind lis~erecr angle on speech intelligibility~. Background noise was introduced
through two loudspeakers to control the general intelligibility level in the -4icinitv of met
lir-teners. The noise als~o served to neutralizL the effects of speech reflection~s in *he room.
Seventy word-tes-ts were run in three sub-experiments. T'-e talker read a list of fifty G-V-C
words for each test. The results indicated that speech intelligibility varies more with listener
angle than with talker angle. at least within 45' on either s_-ide of the talker. However, the
relationship between intelligibility and listening angle may have beeNm influenced by the
directionality of the noise source relative to the talker and the listeners.

Z u sa rn in e it f a ss u n g
Eirte Reihe von Untersuchungen wurden in einern sdiallgedinipfen Tonstudio durch-

gefiihrt, umn die Eintliiss-e von Spredierwinkel und H~rerwinkel auf die Spradiverstindlidi-
ketzu umersudien. Urn den durdisdhintliden V-erstindlidlikeitspgel in der N~he der

H5rer zu regulieren. wurde Hintergrundgeriusdi miiels zweicr Lautspredier in das Ton-
studio cingeffilhrt. Dieses Ger~tisdz -.eutralisierle audi den Einfluil %or, raumlidit n Spradi-
riickstrahlungen. Siebzig Wortprobers wurden in drei Nebenuntersudiungen dtirzhgefiJlirt.
in weldien der Spredier jeweils cine Reihe von fuinizig cinsilbigen VWiern fuir jede
Pr-" .,g

Die Ergebnisse zeigten, daB die Spraciverstindlicikeit einzelner Wiirter niehr von dent
H~rerwinkel als von dent Sprecherwinkel abbingig war. zurnindest innerhaib von 45'
beiderseitig des Spreciers. Dennodi ist es xn~glich. daB dis Verhiltais von Verstindlidlikeit
zu Hikerwirnkel durdi die Riditung der Rausdiquelie bezrogeni auf Sprecher und Hbk'-r hitte
beeinfluflt werden konnen.

So mm a i r
On a procidE i une -4rie d'expiriences dans un studio acoustique pour itudier les cifets

de l'angle d'&oute et de l'angle de 11a j :)le sur 1'intelligibilit . Un bruit de fond &tait
envbvt . ur deux haut-parleurs de fagon i j.,Juvoir contriler le niveau einiral d'inteiligibilitE
darts le visinage des i&outeurs; le bruit serfait 6g alerient &i neutrzliser les effets de r&-
flexion dans la salle. Dants trois experiences primaires. on -,e servit de soixanic dix inots
utest *, Pour diaque essai, le aparleur- lisait cinquante mots CN.C. I" r~sultats ont montre
que I'intelligibilit6 variait plus avec ]'angle de direction de ,cl'&outeur& que celui du apar-
lcurx, pour des variations d'angle du aparlcuri' allant jusqu'i 450 de 6,haque c6tE Qujoiqu'iI
en soit, la relation entre l'intelligibiliti et ]*angle d6coute peut avt-ir &,;, influcncie par ]a
directivitx- de la source s-onore coruparativement au < parleur-h et i '&-outeur".

1. Introduction eithei variable, they could not specify the respon-

;sible agent.

Recently CIIALUPOVA and Si-svI [I). working Because of the curiosity stirred up by this ques-
with listeners w~ho were stationed in a rank and file tion of a possible gin in intelligibility 15 to 45S-
formation. fount! that those who were directly in off the speedi axis, an effort was made to coordinate
front of the talker often --cored lower than those work on this question with a research pr-ogram
who were slichtly to the side, even out to --n angle aimed primarily at the effects, of noise diaracteris-
of 45S'. Although the cause of this effect could have tir-s and talker distancre on word intelligibility and
been the listening angie (the relztivt direcion the vocasd effort. The background noises required hy the
liszener was facing), the experimenters sugge*Ied it program would mask the indirect, reflect-ed comn-
might have been due to the directional character- porents; of the speeda signal and would thereby
istics of the specch or. in other word&, the talker make possible a s- 'udy of the directional dite--- r-
angie. Since &-%- didi not indep-endentla control istics of the dirc component.
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2. Procedure Rhyme word lists -.cre used for all tests [2]. Each
list is composed of 50 C-V-C words. Rhyme words

The major variables in the experimental program, retain the same vowels and final consonants from
into which the ILstener and.talker angle sub-variables list to list, but the initial consonants change from
were woven, were word intelligibility vs. distance list to list-
between talker and listener, and type of ambient
noise. By counterbalancing the location of the 2.1. Experiment i
listeners around the talker. the. direction the listen- In this experiment the distance between the talker
ers faced, and the direction the talker faced, it was and the listeners was systematically varied from 1.8
possible to get the major data of distance and noise to 3.6, to 0.9 m. At all three dista-c,. (1) the
type and still extract data on listener and talker listeners faced the talker half the time and 1800
angle. away from him half the time,. (2) each listener ad-

Three experiments were conducted: The first vanced counterclockwise to the next chair after each
dealing primarily with the effects of dittance be- test word list, and (3) jet aircraft noise provided
tween talker and listener (1.8, 3.6, and 0.9 m), the the masking background for listening.
second primarily on talker and listener ingle, and At the 0.9 m distance the talker faced !he center
the third on the type of background noise used. Pll listener. The remaining four listeners were spaced
three experiments were conducted in a sound-treated on an arc symmetrically around the center listener
studio that was especially designed for recording at - 350 and ± 700 (see Fig. 1). The jet noise
speech. Cylindrical surfaces were purposely design- sound-pressure-level (SPL) varied from 64 through
ed into the room to achieve uniform diffusion of 76, 88, 10. to 106 dB(C) for each pair of word
reflected sound. A plan view of the test room, in- lists (half with listeners facing the talker and half
cluding the layout c' noise sources (loudspeakers), with listeners facing away from the talker).
and the general positions of talker and listeners is At the 1.8 m distance the talker faced the most
presented in Fig. 1. The loudspeakers were position- clockwise listener posiicn. The remaining four
ed such that the masking noise gave the most uni- listeners were spaced 1 apart along the arc of

form coverage over all listening positions. 1.8 in radius (see Fig. t) The jet noise levels were
.j . C0 ad.-I .1V .rD,-'..u. A UU., ;*. aaXI LUW UD tL,..

At the 3.6 m distance the talker again faced the
I",' central listening position. But the oti,er listeners were

not located symmetrically around the central post-
tion but at ± , - 300. and 450 (se Fig. 1).

_.._ .._ .. The jet noise levels were 64, 70, 76, 82. and

3 - o * "-Experiment I included two listener angles (faz-
16 ing): 0' and 180'. and many talker angles 0' and

-" angles in steps of 150 to 600. and in steps of 3.'Y
L~t: \i to 700. The off-centering of the talker (1.8 m dis-

C .'., Sd 31.. tance) and the listeners (3.6im 4istance) was an
attempt to balance out the geometry of the room-

I  loudspeaker.cdair locations and arrive at true talker-
',-. ' IIangle functions. The different noise levels at dii-

ferent talker-listener distances wa! an atrempt to get
-'roughly equivalent test scores for the various dis-

) .- t z!? e~f In tancms

Fig. 1. Plan view of the arrangement of the talker 2-2. Experimers I
locations and listener locations (the sets of four Experiment IT was divided into two parts of five
0-9's, 18's and 3.6s near the top in each c tests each. For both parts the noise background was
in combination with the '1", which was :he
listener location .ommon to all three arrange- 88 dB jet noise and the talker-listener distance was
ments). The angular limits of the three listen- 1.8 m. In the first part the listening angle was varied
ing formations (dashed) and the direction the from one tes: to the next, from 0 through 30:'. 60:.
talker generally faced (solid) are indicated at and 90. to 180'. The talker faced the istener
the talker locations. In the third experiment the farthest clockiwise (0- at the 1.8 m position in Fr. l)
whole 1.8 m talker-li--teer omplex was rotated
15' either to the left or to the tight for some for all five tests. Ech Lstener moved one place
of the tests- countelck-wise after evvrv t s
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In the econd part the listeners did not change in Fig. 2 -ith talker angle for %arious distances- as
Ip-itions at all and always fared the talker. The the parameter. The 0.9 m data show a drop in
talker faced the listener farthest (lockwje for the intelliuihilitv as the talker angle increas.l from
first test jrd on each succeediing test lie rotaded 15 zero. uhih- the hnger distan(e data .how an in-
to the left to face a different listen'r. In this way trea-e. at lea-, out to 30 .The los, from litening
talker angle %as, less detpendrnt upon chair location. iuith hauks to the talker was not as great as mght

2.. IIIe expected. in one 2-test comparison it was 13.7
per rent bh.t otherwise it ranged from 0 to 7 per

In e\periment fit a set of five tests was run for (-ent

eadi ,.i diffcient %! dg:o, und nuie. a[ a talker-
listrner distance of 1.8 m. However, for the pur- 3.2. Exprriment I
poses of this report the difference in noise hack- Fig. 3 shows the results of experimrn: If. Th-
ground is irrelevant ard will not be discussed fur- listeners 15c and 30 from the direction the talker

ther. fared cored higher. on the average- than the listen-
In addition to the fiie listener po-itions shouin in ers diretiv ahead at 0. Further. the listeners scor-

the 1.8 in arc of Fig. I. an additiona: one was added ed higher on the avt-rage. whcn they did not fare
on eadi side. i- evon?] the outside ones indicated the talker directlv but in-lead fa.ed away from him
in the figure. For two sets of five tests each. the by 30- and 60 .90: listening was about equal to
listener, _at in the five chairs farthest clockwise. for 0 li;cring, and 180 listening was substantiallv
another two sets they sat in the fire regular. interior worse.
positions- and for the other two sets they sat in the
five positions farthest counterclodwise. The use of
these _een listener po.itions made talker angle les,
dependent upon specific %.ingle positions. In each A
pair (f sets the talker faced the listener farthest to R\
his left for one set and the listener farthest to hi -

right for the other set. In every set of five tests the A \
lisieners faced thc ildkcr on he fr. xes. -..d th.en
30'. 60. 90'. and 180'. respectively, from him 4 \
on succeeding tests. After every test the listeners Z 2-?'--\
also exchanged seats in a counterclockwise direction. \

3. Restuhs ___

3.1. Experimenti 7 4- :r '_,.-a---.-

The results, corrected to give the data for each Fir. 3. Re-uhs of experiment If. The listening angle
talker-listener distance the same mean, are plotted results (A) are average,, ov-e. all talker angels

_____and show the effect of rotating at a fixed listen-
ing l"ation through 30' 6C . 900. and I-;0-
The talker an-ie re-ults are of two types: (I) a
particulzr taker angle represented byv a p=-ti-
cular istener chair or lomact with zalker im-

-Z mobile and (2) talker a-gie vard by rotation
of the talker ber ern lists. facing a difl.-remt
!-'w-tr catnion on eiex. Is and making a

-r-cific talker angle independent of a -Pefic
t= L-- -a .-s - t-ner Iotat~on In the too=. In this stcond typt

2" :. ..- 63 """eadi IL~enrr remained in a partic'alr &-ir

tbrouzrhout.
Fit. 2. 1% ord intelligibility res-ult- of experiment I as a

function of talker angle tihe angle e th Ezprrirnr: III
direction the t.tlker faced and the location of
the lietncr). The -arameter is the distance Fir. 4 shois a gain in int-iilzibiliry at o!'i-e
kctte-n the talker and the Ii-tene-i. The talker list-nin-g anri similar to but le.: than the gain.
was SMminIile. so that talke- angle was a' in- shown in the rexperiment 11 data adig. 3i. and in
depen&-nt of the loa:iu.., of the list-!cr's contrasL in this experiment tbe te-an '-co-e ;T lI.-
dcair. The lz-4eners moted ftne position c ont.- teners directly in front of Lhe talter is as hab as
cio&-l~i'eC after Cener list. fzcing t-oward the - -p highank.Th :,d3 ea ve
talker J.o:emr angle 0 o on half the liL, and for arv o,02rr ant.k- (Tbe 0- 2M 36 :ean
ISO awa' Va ;- ol trr hal. art ' iqhvale for 2Le s x -4- of - i<soff
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90 - (which because of highest ratio of direct speech
I component to indirect components may be the mostI valid) the 0' talker angle yielded the highest in-

80 2 .telligibility. This holds true regardless of whether
3 the listener was facing frontwards or backwards. In

's Litn angle the other experiment I data shown in Fig. 1, oblique
angles yielded highest -ntelligibility. In experiment I1

70 - Talker angle _ I (Fig. 3) regardless of the experimental procedure,
(.{Chairs) small oblique angles yielded the highest intelligi-

I bility. In experiment III (Fig. 4) 0' talker angle

60 I yielded the highest intdlligibility again. Experiment
04 300 600 900 180 o  III should be heavily weighied in consideration be-

T6.aker or fstening ag:e cause it represents six sets of five tests each and the

Fig. 4. Results of experiment I1. The talker angle data effects of angle e,- talker-facing and orientation in
is for the following test conditions: the talker the room were fairly well neutralized by counter-
faced alternately one end of the listening forma- balancing. In this experiment 0' talker angle aver-
tion or the other for each group of five lists, aged highest in intelligibility with the 300 intelli-
but was immobile within such a group of lists, gibility essentially the same.
while the listeners (between lists) were exchang-
ing chairs. The whole listening arrangement was In almost every case considered ir, the three ex-
shifted left 150 for 1/3 of the lists and righi periments the result was dUferent. sometimes favor-
150 for another 1/3 of the lists by using one ing one angle and sometimes another. Considering
additional chair on each end of the regular five- the total 0.9 and 1.8 m data by sets (groups of five
chair formation. The listening angle data was
obtained by rotating the listeners through 300, tests), in four of the twelve sets intelligibility was
60 ', 900, and 1800 !rmm list to list. highest at 00; in another three sets it was highest

at 150; in three sets it ws highest at 450; and in
4. Discussion two sets it was highest at 300. On the basis of these

Iresults it appears that intelligibility is best in front
In experiments I and III (Figs. 3 and 4) where of the talker but that intelligibility is essentially

listenig angles were varied extensively, listening equivalent over a broad arc in front of him.
angles of 30', 60'. and 90' resulted in better aver- As another dec on the effect of talker angle the
age scores than 0'. The results on the effect of results of all ten sets of 1.3 m data were averaged
talker angle in the three experiments showed a and the means for talker angles of front 60 to 60'
number of cases of highest intelligibility directly r 757677 74, and 72 per cent, respectively.

ahead of the talker as well as a number of cases On the average, there was a trend of higher intelli-
in which it was highest at some angle within the gibility at slight angles off the speech axis, amount-
range of 15" to 45' to the side. In the first two ex- ing to 2 per cent =t 50 . This is tempered, however,
periments. out of six sets of five tests each (exclud- by the fact that for the average of six of the ten
ing the 3.6m data with its poorer uniformity of component sets (all of experiment III),. the 00- and
noise in the listening area), four turned out in favor 30°-mean ,cores were equivalent and in three of the
of some oblique talker angle. In experiment l six sets of tests 00 talker angle yielded the highest
houever. the result was that in three of six sets of score. These experirnert III 'rores are correted for
tests, 00 talker angle resulted in a higher mean. over-all intelligibility differre from chair 'o chair.

An "Anaiysis of Variance" treatment of the first Before correction the ititeltigibili'y advantage of 0'
series of tests in experiment 11 (the only set sub- was prominent. Corrections reduced this by 2.5 per
jected to such analysis) classified the differences cent.
found on the listening-angle variable as "very signi-
ficant." However, the effect of talker angle, whih 4.2. Noisc dire.tion ;roblen
in this set favored 150 and 30' quite substantially. The noise SPL varied o more than ± I dB with-
was fround to be "non-significant" by this analysis. in each seating arragement. except in the case of

The listening-angle effect in experiment III was the two most counterclokwise listening locations in
somewhat less but ossentially the same. the 3.6 n data, The superior intelligibility at talker

angles of 30' and 450 in the 3.6 r. data can be at-
tributed to this facto.. The next question is whether

What generalizations can be made concerning the noise dirertion characteristics were equivalent from
effect of talker angle? Starting with the experiment I one listener- location io another. Subjective!y to the
data for the 0.9 T. talker-listener distance (Fig. 2) listener the noise soarce was the loudspeaker closest



ACUSTICA
Vol. 13 (1963 ,  P. 0. THOMPSON and J. C. WEBSTE : WORD INTELLIGIBILITY :23

to him. except that on the mid-line between the loud- sible that 5' or 10' offi c. of the apparent noise
speakers the apparent source was a point midway source could have drastically :educed the effect.
between them. A survey of the spatiio arrangements adding to the neutralization caused by the reverber-
(Fig. 1) reveals that. aside from the obvious in- ation characteristics of the room.
equality of both noise ievel and direction character- The 2 dB effect Hinsi found remaining in the
istics in the two 3.6 m locations mentioned above. reverberant case is enough to account for the rough-
the other listener locations were essentially equiva- ly 5 per cent (words correct) improvement at listen-
lent in these respects. As regards noise direction ing angles of 30' and 60" found in this experiment.
diaracteristics. for example, the apparent source of Therefore, whether the effect found here is due to
noise for all five listeners was quite close to 1800 pure iistening angle (dependent only upon the angu-
from the direction of the talker. This similarity sup- lar relationship of talker and listener) or is an
ports confidence in the validity of the talker angle artifact of the directional daracteristic of the noise
resuhs, even though these talker angles were not cannot be answered.
wholly independent of specific locations in the room.

A final question needing attention is the possible
effects of the noise direction characteiistics on the A talker read 70 lists of 50 monosyllabic words
listening angle variable. According to the findings each to five listeners in a room designed for the

of Kocii 13]. when speeih and noise are ep, 'd recording of speech. The listening was done in a

by exactly 180"" (re. the listener's location), listen- noise background. The variables studied were talker

ing angles of 00 and 1800 worsen by up to 12 dB angle, listening angle, and their effect upon speech
the minimum detectable (binaural) threshold for intelligibility. The angular relationship among tal-

speech, as compared to listening angles such as 450, ker, listeners, noise sources, and room were varied

900. and 135'. extensively to isolate the effects of talker angle and
It seems logical that the direcfivity effect upon listening angle from most of the other factors.

intelligibility would be very similar to the effect The results support a view that talker angles (at
upon threshold and it is quite possible that noise least) within the range between 0 and -± 450 do

direction characteristics related to listening angles not have any differential effect on intelligibility.
of 00 and 1800 in this study handicapped intelli- The rtsult of varying listening angle away from 00
gibility in these case. However. there is a possi- to 300 and 600 was higher intelligibility. This re-
bility that Kocu's findings should not be applied to sult, however, is open to question in the light of the
this tudy because he used an anethoic room. while findings of Hixsm and Koc,, which suggest that with

the pr-est study was conducted in a fairly reflect-ive the configuration of speech source and noise source

room. (The room volume of this voice-recording used in the present experiments, binaural di-crimi-
studio is about 100 m3 and the reverberation time nation factors substantiaily handicap intelligibility

is about 0.5 s above, and about 0.3 s below I kcfs.) at listening angles of 00 (and 1800), at ieast as
Using very similar methods to those of Koca, compared to angles from 450 to 13504

Hmsn [4] found slightly less effect (9 dB) for the Only further experiments under free-field con-
same conditions. and, when a "highly reverberant" ditions can give adequate appraisal of the effect of
room was used. the effect was almost completely de- (binaural) istening angle on intelligibility If en-

stroyed. In the rellective room the average differ- vironmental noise is introduced to control the gener-

en-e in thresholds lie found between "Front-back" al level of intelligibility, it must be controlled in
and "'O,&-frone" vrrst:s "R;ght-!eft" (00 and 1800 such ways as to neutralize unwanted Linaural dis-
versus W0-c ) was only 2 riB. crimination cues. Or the experiments could be con-

The room Hmisu ued was probably much more ducted in open air so that the direction of noise
reverberant than the one used in this study and incidence would have a quasi-random characteristic.
th. effect in the prtsent data would be more than in (RC -,T,d No.. 162h. 19o6)

die very reverberant room but less than in the Ref ere n c es

annd-ioic room, An agent that might have reduced [1] CIItiurovA, V. and SiAvxm, J. B., Ober die Kurventhis artifitet in the present study is the fact that the gleicher Spraciverstindlichkeit. Preprint H 47 ofthis ast nth ea ly pe 0 for all listening post- a paper given at the Fourth International Con-
noie was not exacly 180'gress of Acoustics in Copenhagen, August 1962.
tions relative to the talker, thereby giving the lis- [2] FAimuiA -, G, Test of Phonemic Differentiation;
tener some extra benefit from binaural localization the Rhyme Test. J. Acoust. Soc. Amer. 30 [1958],
cut.S (lateral separation of speech from noise). Both 596.
Ihnsu and Kovu rigidly controlled source angles, [3] KocH, W. E., Binaural localization and masking.bunl at 900i igrdls intholed casofur and [4]J. Acoust. Soc. Amer. 22 [1950], 801.
but only at 90 ° intervals in the cas e of lhsu and [4J Hisn, 1. J., The relation between localization and
only at 45' intervals in the case of Komi. It is pos- ntelligibility. J. Acoust. Soc. Amer 22 [1950], 196.
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THE EFFECT OF TALK ER-LISTrENER ANGLE
ON WVORD INTELLIGIBILITY

I I In an open field
by 1r. (I Tuiompsox and J. C. WEBSTER

U. S. Navy Electrarnics Laboratory, San Diego, California

Summinar y
Two experiments were conducted to study the effects on speedh intelligibility of talker

angle and listener angic and the distance between talker and listener under free-field con-
ditions. Some findings were that (1) speedh intelligibility falls off with distance in a manner
consistent with a 3 dB per distance doubled fall-off in speedh sound pressure level; (2) the
intelligibility in a broad arc from -450 to +45~' in front of the talkcr was essentially
equal; (3) t'ie effect of turning the listener 15' to 730 away from the talk--r was a mean
gain of about 4% or a gain e..uivalent to about 3.5 m in distance; (4) the observed direc-
tional aspect of intelligibility agreed quite welt with SPL measurements made by other
investigatwrs around the heads of a model and a human; and (5) the effcts of
distance and wind in this study were in general agreement witi; the results of previous
studies.

Zusammenfassun-
Zwei Vers--uche wurden durdizefihrt. urn den Einfluil ;es Spredierwinkels. des HMrer-

winkels- urnd des Abstandes zwisdihen Spredier und Hiirer auf die Spradri-erst-andlidikeit im
freien Sdiallfeld zu untcrsudien. Unter anderem wurden folgende ieobadutungen gemadit:
(14, Die Spradiverstindlidikeit fa-llt mit der Entfernung in ciner Wecise.r die tnit ciner Ver-
ringecrung des Sdialldruckpegels urn jewreils 3dB hei Verdoppelung des Abstndes crklinr
wrerden kann; (2) die Versiindlichktit war jiber einen breite.! Bereich Yon etwa -45" his
+45' vor dem Spredchcr in- wtsentlidhen konstant: (3) Drehung d-s Hirers urn 15' bis,

i om Spredier fort brachic eine V'erbesserung dur Vcrsiadlichke~t unm etwa 4% Vwas
ciner Verringerung der Entfemnung urn etwa 3.5 m entspridnt; t4) die beobadit~ve Rich-
tunasabhinnizkeit dcr Verstiindlichktit stimmit gut utwerein mit Schaldrckeaciet-uneen
anderrer Auto.*ren an 'Modellen und Peisontn; (S) der Einfluli von Entfernung una Wind
war bei dieser Untersuciung weiigeliend der glelche wie in friihercn Untersudiungen.

S oma ar
On a fait dcaix exp~riences pour Ettdier !es cifets -cur fminteffigililiti de 13 parole. de

l'angle dicoute. de rangle, de parole. et dc ]a di-ttance entre aaditeur et mspeaker3 daris
Its; conditions de champ libre Quclque-- rL-uItats out montri que:
I ) fintlIRIsibilitME dirninue a-.= ta diiiance, cc qui --e traduit qualita-tirvsnent par- n

ailaibjisseient dc 3 dB du niveau soaiorc miove= par d7isiance, doubM*.
2) U1ieIligibiliti res:c 13 maine pour tra anglec d'ouvrturc allant de -4 i +450 de paM

cm d'autre du ais-pcaker---
3) Iors-que 1"on ;curne raudjicuratc 15' i '750 du aspeake-a, 1C gain Moyen est dciniro

4,', ce qui correspcn~d i un gain en distance de 3.5 in.
4) reffeTe directionnel detic iigibiliti de la parole que xaous avons observi esi parfai'e-

ment en 2CC~rd avec Ics mexures SPL flaiies par d'autres diercheurs opi-ant avec la tzxaa
dua mannequin ci dun bomme.

5) es effets dec dis-tance ct die rent tians cettc itude scint ena giDrala en &cord atc Its
resultats des itudes p-mientes.
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1. Introduction The talker for these experiments was the first
author. who has a resonant, moderately pithed

CHALLPOVA and SLAvIK [1] recently studied in- voice, is somewhat above average in articulation.
telligibility as a function of the angular relationship and is very experienced as a talker for intelligibility

between the talker and" listeners in a rectangular tests. The talker monitored his speech level on a
formation of r'lws and columns in an open field. small sound-level meter mounted 0.5 m in front of
Their most interet':tg finding was that the intelli- him at chest height. He spoke with raised voice.
gibility on the speech axis was lower than it was 10' maintaining an average 85 dB sound pressure level
to 45' off the axis. Their experimental design did (SPL) on voice peaks. This corresponds to an rms
not allow them to determine whether this was caused SPL of 75 dB at 1 m. The word "write" was read
by directional characteristics of the voice or the just ahead of each test word. both to act as a "car-
directional characteristics of the external ear. Other rier" for the test word and to be used as a calibra-
studies [2]. [3] have not shown a lowering of tion word for level monitoring. One test word was
intelligibility on the speeh axis. but perhaps this read every 2s to the beat of an eeehonic interal

was because they were not as intensive in angular timer. When extraneous noises were of such a nature
coverage. number of listeners, and- number of re- as to interfere with speech reception, the talker
plications. stopped until he considered the noise level within

In order to die&i the Cit.AiLov,, and SLXii re- acceptable limits again. The noises that caused oc-
suits two experiments were conducted on an open casional tenporarv stoppages were from aircraft
field at the U_ S. Naval Training Center in San flying in the vicinity. A mirui-hone worn around
Diego. In both experiments Navy recruits were the
listeners, and the parade grounds, Preble Field- was -

the open field. Preble Field is 305 m long by 137 m '7-
wide and is surfaced -ith asphalt paving. ,

To study the dependence upon the listener's loca- --. , IV
tion relative to the talkers mouth- in experiment I
the talker rotated through a series of angles relative :,
to the listeners. To study the dependence upon the . .

direction the listener was facing relative to the tal- " "* -

ker's location. the listeners in both experiments were 3,, .- 2
divided so that at any time half of them faced the
talker and the others faced away from him by -mall N:- P.

al Procedure Fig- L Ta cr-,i tceer ex-

perimwnts I andIL n experiment .42 1s
2.1 Ger alsat at intersections of ars A threao F and

7 radials spaced at 15* intervals. lm expr ime
The intelligibility tests used were the Frranz.mvs !I Iltnexs also sat an arc G. In experiment L

Rhyme Tests [4]. These are lists of 50 monosyl- she talker () faced the center (0') radial on
tests 1.-, 13. and 14, the -W rajiW aen

Lbcop. 2- words 50. a tvoweel ar e ftire 3 and 4. the _30 mdial ca tests 5 ard 6. the
1. cop. 2. 'ar ... , 50O. ten". There are five radial on tesu 7 and 8, -900 on tes

basic tests using words that not only rhyme fromt test 9 and 10. and 180 on tests 11 and 12. In ex-
to test, but are spelled the same except for the initial per11nu II the talker alyavs faced the 0'

V consonant For instance, a %erond ;eM might be d.In bo exerimhents Sraisa in arcs L

1. pop. -ire, --- 50. den". or "1. top, 2. wie, n d tF-. while 45' ia arcs al C.

- 50. pen". etc. The answer sheels show the and E (and G in I1) faced the talker location.
vowel and final consonant of each word (thus. 7-1 listeners revrsed their diretn of facng
'1- -op,2.-ire----, 50. -en"). oan even-ubered test--. Le. these who hadfaced the +45t radial faced the talkez, and

Lasueners wre insactd to fill in the inftial coo- Ih a f faed the +45
-onant of each word as it was Ta& erm if ther had radial. Note that on the -4V ° radial, facing
to guess. In each experiment a diferent rhyme word the al= was equivalent to facing the +45'
order was used for every leg conducted. Fourteen radiL in boh experiments he wind direcio

50-word lists were used in each experimen-t The vare bI wrid an! usa--ra-dan: in 7 -eint, I wind W_&€ft Valic bewe Z7J to
geere =dhrauglyznstruct in the testn 35 kmeh and in 9 Uwind li.

proce'dure and urre given a practice tesi variea Ibweca 0ad 9 k::n!jh.
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the neck by the talker was used to record the test the talker. The fact that better scores were obtained
sessions for later review of speedh and noise levels. on experiment 11 than on I could be due to sampling

As illustrated in Fig. 1. the listeners sat in con. error but more probably the different scores are
centric arcs 2.3 m apart, starting 4.5 in from the due to differences in wind velocity or experimental
talker. Listeners sat behind one another on 7 radials design.
spaced every 15' from -450 to +450 relativ e to
the talker's standard direction of facing. By sittingS. W.. " " I
on the ground each listener had an unobstructed/90j ., "- ' Z " 3
pathway between his ears and the talker'3 mouth. [
By sitting cross-legged it was easy to maintain a
rigid and accurate listening angle. asare "o .2'_ ,w

In both experiments listening angle was varied 9,,
uch that listening angles of either 00; or 00, 15 ,_ 50 .5--

360, 4 60, 750. and 90 r-sulted for the seven , ___ 7- Iv: 3

radiaL; rom left te ]g:.hL respt tivelv. Z 0 ) '5 0 "5 r 3 _ --O .-3 • "
The talker's angle. the angle the talker faced with D.a-+ i. = 1 -- ;-

re-pect to the listener position. was varied in ex- Fig. . On the left, per cent of Rhyme words correct
periment I but was constant in experiment I1. vs distance from talker. Each of the experimen-

tal points (solid circles and squares) represents
22 Experim ent I an average score for 7 listeners and 14 test of

50 wo.ds eacdh All talker-anle and listener
In experiment I. fonv-two listenerz were wsed. facing-angle data are combined. Also shown

Each lIstener remained in the ae location are intellL'ibiliy da-= vs distance from thne
throughout all tests, allffot, as oter sodms. The ozien -svmwii and de''ed

I~ L .I~ ~ lnes- rep=eren inxelhlibhn zxcoes prdiated
co a 3 dil drp in kerd for ceg distance

iernl facitnns. obe. o -azsree a6Bpr
The taU"c anzie was waied as detailed in Fizz I- Xwiavtredo a qx in imehiilarr-
Experiment I was conduaded in Owh after m and On th--e tha is per ctn woras -c-Pr: x-s- a ee-

! .he p-reffi .Wetex" w interfered dltn &-zeial in dB Ri Rh-me -. PB

ly with the inkjizibiitr of the --Pee&I -zds ' :- zj dau --e f 5e3ad6

2-3 Experiteat If Cvwncuni~z the wind: In experimental I ;he gasts
In epermen ILa seondrcup o 49of wind razed 27 kit~ and peAled at 35 knmfh.

In experizuest II, a _ i - p ell 49 r . In expmenm II the wind vetitr varied from 0
was seated in 7 ames and 7 radials. These 49 .isten- L HMv.s an 1[1 fovnd ta
ers were -lected fitm the 60-odd regular nember- ',x a s facac a 33 hmnh 'uiL m t
of the availabie zecrruiut opany an the basis of the for t in the fre a33 rane o di d

ractte aes scores- In order to T*nAhe the vffect o tfonesyi4 to 4 e ra. -ge of -o, wer

iraenm_ on locatio- eahd ristener was shifted dia- qoo this 'hift w re.nce to 39 and 1B -

onally back one arc and over ore radial after e -c 'e. For a wi3d of 1815 it h"y iud a

pair of tests. Ln this iannter each listmer was in the * ld .Aift was osty about alf as great.
eadi are and in ea radial for one pair of ftsts. %nc the winds came in gust, tfie JesiulL of vxperi-
Title alteration if. the listening angles t e met I are not as different from II as the 11A-
odd a Ctm tests in each pair of tSs .was executed a Ccwewir data [3] might att,,t hot for
just as in the first experiznenL and the other testing er mm on the pot at the time thet s no for
daIls + tethesearv. s a th;te " -9 h i lcr a oqe

retetion I at t excssivz winds during expefi-
The experiment I1 sesion was held in the nracr- t I reduce word inelki7,11ii --ors.

ing before- the prevailing inds could interfere and In the data reported by K.rnsrx [21. a wind of
Inhe wind velci ft was only 0 fo 9 thnjh. 33 to 41 knl'h redzied the distance for 75' inel-
In perunt l the taller always fced the cen- ligibility from 43 n to 26 w. In the present experi 8

te of the group, the 00 radial meats the 75% coverage -*as reduced from 235 m

to about 15 m- a re&iction of the sanme proportion.
3. "This would suggest that wind interference was the

3.1 litIi ii rs dnear-exdushie cause of the general inteffigibility dif-ference between expcriments I and If.

In Fig. 2 arm plotted the results of experiments I The effect that the experinenital d--ig gt
and II in terms of words correct is disance from have hada on depressing the sccres in experiment I
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versus I will he dis,;u.-sed in the section of effect, through many angles and. as he did. the relative

of talker angle. position between him and the listeners was some-

Plotted as solid lines (or extrapolated dashed what haianced with respect to wind direction. That

lines) in Fig. 2 are the results of other speed intel- is. as the talker faced the center of the group, those

ligibili!y tests in open spaces reported by CIIALIov.,, listener lightly to his right faced the wind -but as

and SiovIK [1]. KlusEx [2]. and Izsrsmrz [3]. Ex- the alker rotated to 90 these slightly to his right

cept for experiment I, the windy one, the rate at were at right angles to the wind. Therefore the re-

which intelligibility falls off with distance is fairly maining discussion of experiment I wil! be limiied

consistent. By" utilizing the informatioa plotted on to the results on talker angle.

the right of Fig. 2. it is possible to check whether Fig. 3 shows a polar plot of word intelligibility as
the rate of decrease in inei'gibility wiih distance a function of talker angle; that is, the word intelli-
follows a decrease in sound pressure level of 6 dB gihility as a function of where the lisuner szt with
or 3 dB per distance doshled. The Mo.,rme 161 respect to the direction she talker faced. The direc-
data concerns the relation between word intelligibi- lion the listener fated with respect to the talker is
lity and speech-to-noise ratio for Rhyme words not considered.
(used in experiments I and II) and for PB -words
(extensively used in other tests of this type). The --

open symbols on the left of Fig. 2 were derived from
the data on the right of Fig. 2 to show that derrease B3,
in word score per distaace doubled is very exactlr Z
predicted by sutresire dermaes in -speech tece of Z3~C.

S IdB. The trianelts on tht left show that the word S
scowres wiffh distanem doubled do not fa off a-7 fast
as world be predikcd by sucessire dcrcp-s- in

b - k-.r of 6 dB .7

T i w2phes thatL% the :!M physia s of C2IAS-t31 -

w o: ti- 2 ia q t Z 6eBeix follwed and tha thee - ,= .btrj:5 .d-, o

pkl laws ot B.perical wares are -oe.. -

Inese res ts bear an oe of the m n , -;- f_

inos d= soummla-uqi kaeof frb Inthe -s -. f z-,,

rdan a =1 -pe-da 'b e €2:y te aeqd2I'e I o e fae mr aizl=S. C =2im
Doise 1MA MElun %Secas 6 rIB per X-Immnc dva&Ae are a~eridm fivn a btkdo'ra oi the ta=e
for distances up zo 4-IL 1l~c rerults of Sre pment am~ faoaz r.-- ze txpriam I daza

exprimnt ffa lomecd 4-3 m eit ___op in Fmt.Z. 1Te ===1S CM 6Ce pezi'iAhez are
Wwas CWrecl for ea~h =9kr ai.

3 rIB. no: 6 tdB. pe &~szmme Joulxed. lzswemew '16' Muib in p wCMLIM" * ;nhe pl Ah'wr The
-assamvs of couzi--e t1Ia!PC te& k-d s Alwacs 'e~l ==a peni~uiaeof words oarecWl heard 1,r A
a Ipemerto-noise differential and 1wm a am it a- ro hadia sa ant w e mat am ee or
speec Sev is exacty equiAmle in rB to an i- aoie - t With t be
C2easin!- Mlist leVl. !ters zeouth. These data -.bow th32 bierS- heard

3- 1nrVizar ae ~ distinml bener mabera in frow as Compared :0 be-
hind. INC !a-- r'A'. 4~ 771 a-1- is bsdon

In experiment I lte!t om amoe of Hiser only one-tird the =mnber of !isttner as the valme
facing a-.* zzbjert -.o Ire inztetions inrizain at -45': simiLarl. the data at 3frpezt
wind dirMctin Those listeners laced MOLt *d) ftiree-Slfts the Mumube r fs a. at 3e0
Dear;- into the bAind When ihef faced the tar Therefo-. a rucrx pik==r of dw -45 of 0P results

#showed timeer effcts due to aifferences in litnrwould probably be --he mirror iinarc of thce t o
iarins dumn oe iistne who arere nt facin g into -.45S0 results.- sinceth posith'e =ngl results are
thfe wind when they faced the talker. Fxperimoent I based on the rcsxilts of m=ry more filstnema
wa, not designed to tA-e accountl of the wlinId an~d The data are presented as comturs o-I cqcal in-
zbe listener angle aa havie a wind bias1E thara an te~g~iysta ~ eut a e=r a~
be isgoiated. oapared to zhe Cux-m -% and SL%,m I [I xresult.

Infortmation on tale apze.e bouicerer, is wtt sqo To drw equa bEigibility amtoms, Ai the d&u
dependent on the wind becauie tiLe talker rotaWe a: eadi talke angle were firstq plotted as a fuction
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of distance (arc). Curves were then visually fitted to 900, respectively, in 153 increments. This

to these data points. The intersections of these cur- amounts to an advantage for the 30'. 60. and 90"'

yes with discrete inteligibility levels of. say. 9i, 90. angles of 4, 5. and 4%. respectively. This compares

85. 8010. were then read off and plotted in Fig. 3. with an advantage of 13. 14. and 12%. respectively,

Ihe equal intelligibility data, Just as the average for the same angles in an investigation by Nottm.uN
of all the data, show that listeners in front of the and FtaZELL [9], who worked in the 70% inelligi-
talker got decidedly higher scores than listeners be. bility region with speedi picked up binaurally via a
hind the talker. Scores from -45' to +45' are dummy head.
roughly equal and only slightly greater !ban those The results agree qualitatively with tht).c of Ro-
out to angles of 750.  BISON and WnTrrrLE [10] in their experiments on

the effects of anele of reception upon the aural ef-
33 Intelligibility vs listener facing angle fectiveness of pure tones. In their binaural loudness

tests they obi-erved gains over a similar angularExperiment 11 was designaed to get reliable in- C

formation on angle of listener facing. A ime was range at 2500 and 4000c/s. Their measurements of
chosen when the wind velo'ity was low, the talker SPL at the canal entian.--e of the ear also .how an

always faced the center of the listening group, and average gain at thee angles, as compared to the
after each series oi two tests the listeners moved case when the source was dead ahead. Their

diagonally back one arc and counterdockwise one measurements dlosely correspond to the masure-
radial, ments of Wieeam and Ross [ Ii]. whose mean 450

and 90' SPL ieadings at the entrance to the ear
Equal intelligi~ity conto,'-rs from the results of canal areraecd 4 or 5 dB better than the 0' SPL

expeiment I are plotted in Fig. 4. The two lines at readings o frun range from 400 o
each contour repreent those who always faced the 6000c/s.

talker (the lower b- undarv of the shaded area) and
those who faced aav from !he taiker by the angle 4 C r t d
hown on he tlap arc. These were the same ll ene-rs.

but half :he time ther faced the talkr and half the T e data of experiment I and the data on 0*
time tr faced normal to the "o cl a' rdil an-le sf Istener facing of experimenit 11 hare be-
Wh the F.z e faoed-- awav from the t eir.. combined to obtain three set of equal-intelliLb -y

"s.ote c*ft ly averaEd hiher, or- as o contour, plotted in Fig. 5. contours represent
in Fm 4. ther z the sae s at a'r eeneralized data en talker ane.. Also on the right
distancts from the tk of Fi. 5 ar the poar plot displa-- of -elected con-

Te mana intelliz r sor- ior the I - tour firm Camux, ra and Sivm [1]. and Lisanz
,hent itl Nsening amges were -ark, ar 8_. [U3.- and an extrapoated contour b Lsed on the data

W0,-91- 93 9 "2.92. and 91% for :be a from 0 repoi-ted LK.T [1. On the eft of Fi.- are

5'mn SPL data of Dom, and FAmsow-- 12] and
!:gof 1LIAa 131 These data show the 43irectionai
".7 nates n of sound frem a source lie a mouth.

Conernin. the intelliaiiity contours s-hown on
d er.ght it is evident that the prtsmt data are far
more s-quat in shape than any of the others. As comn-

Y pared to The othfr contour -hapes. the present data
are zlaively flat cm too. (from 00 to +45

-A-- reraids !he depres-on directly in front of tle

qz.'wu data- this was poas-bl r =sed lyv inter-
"z- ---- l--er. whc uas obere in the Cn.twovxc arod

ference effects of the bodies of listeners bet*ee the
talker awd other listeers a=J by the sigeht dis-

P4. Eqz inufliz t-cr amwos deftin fr the advantage tha exi s for FrX wto faCe the tal-
atza! __ IL T e u, al ways faced e" drec as compared to these who fame a --=a.]

xt cm of .he grop s- inwf ai=m er anles away from the taker. In the rocangcuar for-
angie is read zk .rn2iral around 6;e ceter rnafim used in their experizmt the degree that
zaial From O t =e -S _00, a ji-,enrs we re in the shadaw of other r s Ias__.- ., he "resx 5aii ai was eiher O"m r*.Mr Ja .-zz ) Was ,a;l: 0 boh en o the particular anl rom 'he

MCeA 0 erzals t and ethne from FeA taler- M"h w-ouM
f~0~u. 0~. cas anula anedisanc effctsen he rnsinis,-

-~ .. - - - -. 77 -7 -~ ~ --- w '- -- ~ - ~ -
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sion of the highly directional high frequency com- about half-way between tie shapes of he present
ponenL. of the ,p-ech. This in turn could have data. and LirsuiTz, and CtiALvrovA and SLxv," data

systematica'ly affected the reception of consonants which have steeper sides fron about ± V5e to
in such a way as to account for a large share of the + 90 .

detail in their equal intelligibility contours. The FLxAG., curve in Fig. 5 is based on his
It is quite evider.t that the four studies do not SPL measurements of a 2 kc/s tone projected

agree in the magnitude of the percentage of cor- through the mouth of a model [13], while the
rectly heard uords vs distance. Since the present Dvtss and FAn'sXwoRnT curves [12] are based on
interest is in contour shape. this need not be of too speech SPL measurements on a live talker. In both
great concern. Talker level, wind velocity, tern- cases the measurements were made about 30 cm
perature gradient-, differences in vocabular', and from the source. To make up these curves for Fig. 5,
even differences in motivation could acount for these relative SPL measurements from the plotted data
discrepancies. of the references cited were converted to relative

On the left it is inte.esting to note that the present distance on the basis that, as distance is doubled.
data agree very well with the SPL of speech SPL i5 reduced by 6 dB, since both studies showed
measured in the 62 to 12.000c/s band by Dt'.c. that at distazces close to the source this is the rate
and Fas&%swomz [12]. The FLAxAGAx [13] and the at which sound pressure falls off vrith distance-
2 to 2.8kc/s data of Dv..% and FA-'nswomn lie (aeci0t xrami4I x)

-rd 5.,- A

,. - -I ... i\ -d

_______ Equal intelixibiliiv contours of combined data
" from esperments I am H a n m rern

- [11] [21. and [3]- Contours of equal sound
pressure lerl for (1) broad hand and nariam
hand '--pecd Je.ise from data in referenm
[12] and (-) Iones froca an artificial mouth
i a medel head dmsvd from data in reference
[114 are also-shown.

References (7] BI3_%mri, L L. Trans. A_. .Soc. Mech. Eagrs.
f 67 11947., [I]Ckxroa-:, V aM .kr J. B_ Cbe die Kur-

gk~ierV iiket Srade.(8] Bzzxxr. L L. Acoustics. Mc~raw-HIil _New%in rraiona1 Ccnss i -cr Sts, F York 1954, p. 4 1 9 .

.962, H. 47. [9] No3ax-si, B. and Fmmax B., Acta Otolax.n
[2] K rn V. 0. Ardiec=ral Acousti. -ohn 36(1 63 .

Wi & S e Yok 1932. p- 493. 10] Rowr, D. W_ and W=rar L S. AAsca I0
[331 Lzir, s_ J. AcnsL Sac. .mr. 4 (1932]. 11:-. 1901. s4-
[4] Farm&j-ws. G_ J. Acous. Soc. Amcr. 3( [193, ], (i] W i- F. _t and Ross, D. A.. J..cs Soc.

59&~3 i. i. W mvm and CA widwn A.ss D. -A- J. A.Ons. 18-;;m.96. Aner. r [19;6].401-
977. J_9.a R. L and CLmAto -k Lc J. Aco3[ .Z-or- .A= 2 [1954], 2S4-. L12] Da% IL K. a.rd F~mc-x~m, D. W_ J.. xcou-,-.

[6] Maxr ,r_. W. E_ Navy Elctonc LAb Rep. Soc....usa. 19 [19391, 184.
97"7. June 1960- 113j Ftx-%x. .J_ L_ L. AcowL -Sc Ame,. 32 1196.01.



1-bc ASMT
'*cuwity Classification

DOCUMENT CONTROL DATA - R&D
(Security classification of title, body of abatee and Indesind annotation imit be entered *ene~ the overall tenont is classified)

1. ORIGINATt4 G ACTIVITY (Corporate author) Z0. REPORT SECURITY C LASSIFICATION

Navy Electronics Laboratory UNCLASSIFIED
F 12b GROUP

San Diego, California 92152 INone
3. REPORT TITLE

SPEECH INTERFERENCE ASPECTS OF NAVY NOISES
4. DESCRIPTIVE NOTES (Type of tsoand Inclusive dotes)

Research and Development Report Jan 1961 to Dec 1964
S. AUTHOR(S) (Lost news.. first name. Initial)

Webster, J. C., a-..d Klvmpp, R. G.
6. REPORIT DATE 7aTOTAL NO. Of' PAGES 76. #40. or RaPs

2 September 1965 jI 17
Sa. CONTRACT OR GRANT NO. 4 0. ORIGINATOR'S REPORT NUNSCR(S)

bPROj9CTNO4. SF 013 11 01 I1314
Task 1357 ____________ ____

CN. Prole N34)THA=RPORT NO(S) (Any othier numnbe fist uxey be aosigned

10. AVAILA91LITY!LIMITATION NOTICES

Distribution of this document is unlimited.

III. SUPPLEMENTARY UOTIES 12z. SPONSORING MILITARY ACTIVITYI Bureau of Ships
____________________________Washinpgton, D. C. 20360

13. ABSTRACT

Representative samples of ship, office, and shop n~oises were
analyzed to determine simple methods for rating noise in
shipboard spaces in relation to interference with speech
communication. For simplicity in speech interference measure-
ment, it is recommended that an average be taken of the octaves
centered at 500, 1000, and 2000 cycles per second-

D)D FJANR4 1473 *a7.so NCLASSIFIED
Security Classificationi



.IN .. LASSLVEEL.
Security Classification

I LINKt A aI~ LINlKEssYiato WOD . ...- .... ~-

Speech - Interference - Measuremnent
Noise - Analysis

all scurit clasifinatin of teNSTRCTIONScmntaddnsffntinofti

1. ORIGINATING ACTIVITY. En-er the nlamea nd 3ddreas imoed by security clavatfication. us:ing standard statements

of the coatiactor. subcontractor. grantee. Department of De- suhuas

lens" actI.ity or other organization (coaporate author) issuing (1) -"0 ified reust- wa obar copies of thir
2e. REPORT SECUIITY CLASSIFICATIO~k Etrte vr 2 "Foreitp nnoneetaddse nt ftial euiycasfcto ftke report. inslicatewete q b Disntuhoid.
"Restricted Data" Is included. Ids-king is to be in accodeeotbynei o ctoie.
ace with appropriate security regulations. 1 (3) ". S. Gorne,* agencies may obtain copies of

this report directly from DDC. Other qualified DDC2b, GROUP* Automatic downgrading is specified in DoD Di- users shaldl request through
,cive 52M0 10 and Armed Porces Industrial ManuaL Erter
the group number. Also, when applicable, show that optionrl -

mknshave been used for Group 3 and Group 4 as author- (4) "U. S. military agenciez may obtain copies of this

3. REPORT TflLE Eater the complete report title In all shall request through
capitol letters. Titles in all cases should be unclassified.
If a meaaingful title cannot be selected witbout classifica-
tion., show title classification in all caritals in parernthesis (S) "All distribution of this report is con~trolled. Qual-
immediately following the title. ified DOC users shall request through

4. DESCRIPTIVE NOTES: If appropriate, enter the type of____________________
report. eg.. interim, progress. summary. annual. orVal If the report has been furnished to the Office of Technical
Give the i-3clusive doles when a specific reporting period iL Servces, Department of Commerce, for sale to the public. Ind-
covered. cate this fact and enter the price, if known.
S. AtflHORS): Enter the name(s) of author(s) as shown on 11. SUPPLEWEXTARY NOTES- Use for additional explana-
or in the report. Entes last name, first name, middle initial. tory notms
if mtilitary, show rank :end brancls of service. The name of
the principal author is an absolute minmum requirement. 12. SPONSORING MILITARY ACTIVITY. Ester the name of

-the departmental project office or laboratory sponsoring (pay-6. REPORT DATE. Enter the dete ci' the report as day, isg for) the re-search and development. Include address.
month. year or month. year. If more than one date appears
on the report, use date of publicatiun. 13. ABSTRACT: Enter an abstract giving a brief and factual

7 uumary of the d-xcument indicative of the report even though7a.TOTAL NUMBER OF PAGES: The total pace count it may also appear elsewhere in the body of the technica'l re-
shoul;sd folI')w normal pagination procedures. ie.. ente-r the port. If additional space is required, a continuation sheet shall
number of pages containisg information, he stirched.
7b. NtUMBER OF REFERENCES: Enter tic total rut:62, of It is highly desirable that the sbstract of classified reports
references cited Ln the report. Ibe uactassarfied. Ear'n paragrapl. of the abstraci shaill end with
go. CONTTRACT OR GRANT NUMBER* If appropriate, enter an indication f4 tI-c inlitary security classification of the in-
the applicable number of the cmntract or grant under which formati-rn- in the paragrapth. represertled as C TS)l. (S). (C. or (7)_
the report was written T1here is no limitatico on the leneth of thc abstract. How-
Sb. &r, & Ild. PROJECT NUX8Et: Enter the appropriate ever, the suggested length is from ISO to 225 words.
military department ldentificstiois. such as project number. 1.KYWOD:eywrsaetcnalyeanfutrm

e..~ojet nrte. sste nuber, tsk umbr. tc.or shor phrases that ctutracterize a report and may be used as
9ea. ORIGINATOR'S REPORT NIUMBER(S): Snter the offi- index entries fee cataloging the repoe.. Key word% muzz be
clot report numrber by which the document will be ident..led selected so that no security classification is required. Identi.
aed controlled by the originating activit, This number must fisers, such am equipment model designation, trade nsame, mzlizar-y
be unique to this report. Project ce-de name. geographic incatien. may be used as key
9h. OTHER REPORT NUMBER(S): If the report has been words but will be foilowed by an indication of technical con.
vnzirl,%ed zny r~hr re-Aot cu.mbers '.-anier b~y 91-P oriesian' text. The assignineit , f lialks, toles, and wzights is optional.
o' by the asiensor), also enter this numtber(s).
10. AVAILAMLITY)10rrTAT014 NOTICES. Enter any lim-F®
itations on further dissemination of the report,. other than thosel

UNCLASSIFIED

Security Classification


